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NPEOIHWCITIOBHE

Kypc «'mapasinka M THIPABJIHYECKHE MAaLIMHBI> NPEIHa3HAaYeH
15 CTYJNEHTOB MAalIHHOCTPOUTEJNbHBIX H MeXaHHUYECKHX CllelHalb-
HOCTell BBICIUIHX Y4YeSHBIX 3aBeJeHHH, Trje yKasaHHas JNHCHHIJIHNA
He sABJAETCH NPOpHIHPYIOLIEH.

Knura coctoHT #H3 Tpex caMOCTOsTesNIbHBIX uacTeil. B nepsoil
YaCTH H3JaraloTcs OCHOBHl THAPABJHKH, BO BTOPOH NPHBOASTCSA
rjlaBHeHIINe CBEJEHHs O JIOMACTHRIX THAPABJHYECKHX MalllHHaX
H THAPOAHHAMHYECKHX Mepejauax, B TpeTheH YacTH paccMaTpHBAIOTCH
0O0beMHble THAPOMALIHHBI ¥ THIPONPHBOLbI.

3apaueif nepBoii YacTH Kypca sBJsieTCSs KpaTKoe H3JIoXKeHHe
OCHOBHBIX IIOJIOXXEHHH THADPABJHMKH, KOTOpble HEOOXOMHMbI IJIS H3Y-
YeHHs1 PsAa pAasfeJoB CNENHANbHBIX JHCUHIJHH, TAE NPHXOAHTCSH
HUMeTb JeJIO C NMpHMEHEHHEeM OCHOBHBIX 3aKOHOB DaBHOBECHS M IBH-
JKeHHs1 XHuAKocTed. [To3TOMy OCTaHOBHMCSI KpaTKO Ha 3Ha4YeHHH THA-
PaBJHKH JJSl HHXKEHEePOB MAIIHHOCTPOUTEJbHBIX M MeXaHHYeCKHX
clenuajJbHOCTell H 06paTHM BHHMaHHe Ha Te OTPacC/H TeXHHKH, rle
HCTOJIb3YIOTC OCHOBHLIE 3aKOHBI H METOJABl [HAPABJHKH.

B nepsyio ouepesb HEOGXONMMO OTMETHTb, YTO OCHOBHBIE 33KOHHI
THIPABJHKH LIHPOKO IIDHMEHSIOTCH B TEOPHK JIOMACTHHIX HACOCOB
M rujpaBiaMYeckKux TypO6uH. Tak, Hanpumep, ypaBHeHue Depryaau
IJI OTHOCHTEJIbHOTO JBHXKEHHSl XKHJKOCTH HCNOJb3yeTcs MpPH aHa-
Jli3e XapakTepa ABHXKEHHsI MOTOKOB B 06JacTH pabouHX KoJec ykKa-
3aHHBIX THJpaBJaHYecKHX MawHH. OHO CJOYXKHT Takxe NI HCCJeNo-
BaHHUsS SIBJEHHS] KaBHTALHH B JIONACTHBLIX HAacocax M THAPABJHYECKHX
TypOHHAX, MO03BOJII YCTAHABJMBATL BHICOTY BCACHIBAHWA HWJIH IIpe-
NebHOE YHCJI0 060POTOB paGOYHX KoJec.

PeakTHBHOE B3aHMOZEHCTBHE CTPYH H coCyJa OOBACHSIET THA-
paBJIMYeCKyI0 CXeMy paboThl JIONACTHBIX MaIlMH.

TeopHsi TMAPOAHHAMHYECKOTO MOJOGHA B NPHMEHEHHH K Jonact-
HbIM THIpPABJAHYECKMM MallMHaM HeoOXOAMMa [/ pEeuIeHHs MHOrHX
CJIOXKHBIX BOIMPOCOB, CBA3aHHHIX C CO3JlaHHEM HOBBIX MalIMH H YCO-
BEpUIEHCTBOBAHIIeM CYLIECTBYIOMHX KOHCTPYKILHIL.

Teopust runpaB/AMYECKOrO yjAapa IIMPOKO HCNOJbL3YeTCsl IPH Npo-
CKTHPOBAHHH TPyGONPOBOJOB H IIPENOXPaHUTEAbHBIX YCTPOHCTB, Y-
XKalux s 6oppObl ¢ THADABJAMYECKHM yJapoM, a TakkKe IIpH Tpo-
CKTHPOBAHHUH THJAPABJIHYECKHX TapaHOB.
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I'uipaB/ivyecKue Npecchl, THAPABJIHYECKHE aKKYMyJsTODPH, CHI-
paBJHYeCKHe TMOJbEMHHKH M dHAJOTMYHble MM YCTPOACTBA pacCUH-
THIBAIOTCSl HA OCHOBAHMH 3aKOHAa O Iepejaye JaBJeHHs BHYTPH
xKuukoctH. Ha 3ToM e 3akoHe oCHOBaHA TeOpHsi I'MAPONPUBOJA,
JEHCTBYIOWEro Ha OOBEMHOM MNDPHHUMIE M CJYXKaIero IJisi PeryJiu-
poBaHMs1 pabOTHl COBPEMEHHBIX CTaHKOB. Pacuer ycTOHYHBOCTH MOH-
TOHOB, IMOMJIABKOB THAPOCAMOJIETOB H JPYIrHX IJIaBYYHX CPEACTB, a
TaKXe MOMJIABKOBHIX MPHCNOCOGNEHHH B KapGlopaTopax MPOH3BOAHTCS
Ha OCHOBaHHH TeOpPHH myaBaHHs Tei. CHsa JaBjeHus GeH3HHa,
IeHCTBylOIlAaA HAa CTEeHKH OeHso0aKa caMosIeTa IpH €ro JBHMKEHHH,
CuJia JaBJIeHHs] XHAKOCTH Ha CTEHKHM LUCTEPH IPH IBHMKEHHH IIO-
e3fa U T. M. ONpENeNsioTcs M3 ypaBHEHWH OTHOCHTEJbHOIO IIOKOS
MHIKOCTH.

OnpeneneHue OCHOBHBIX DPA3sMEpOB MacJONPOBONOB, CHCTEM BOJS-
HOTO OXJIaXKJ/IeHHsl, PAsHOTO pPOAa COIIOBLIX AMNNapaTOB W HACANKOB,
a Takke pacyeT BOJOCTPYHHBIX HAcocOB, KapOopaTropoB H T. 1.
NPOU3BOLATCA C HCIOJb30BAHHEM OCHOBHBIX 3aKOHOB M METOJ[OB T'HI-
paBIMKH: ypaBHeHHs DBepuy/un, ypaBHeHHsl pPaBHOMEPHOrO ABUKEHHS
JKHJKOCTH, 3aBHCHMOCTH JIJIsl y4eTa MECTHBLIX CONPOTHBJEHUH U ¢op-
MyJ, CJAyXKalPX JMJs pacuyeTa HCTeYEeHMsl XKHUIKOCTell M3 OTBepCTHH
¥ HacajnkoB. [IpuBejieHHBIH 3Jech JaJ/ieKO He NOJHBIH [epedeHb Npak-
THYECKHX 3aJa4, C KOTOPBIMH NPHXOJHUTCS CTAJKUBAThCs HHIKEHEpaM-
MeXaHUKaM pPas3/HYHbIX CIIEIHaJbHOCTEH, CBUIETEIbCTBYET O 60JBLIOM]
posH THAPABJIHKH B MaLlIHHOCTPOHTeJIbHOi/’I MNPOMBIIIJICHHOCTH H €€
TECHOH CBsI3H CO MHOTMMH IMCLHIJIMHAMHM MeXaHHYecKOro LHKJa (Ha-
cochl M THJpaBJHYeCKHe TYPOHMHBI, I'MIPaBJHUECKHE NPecchl H aKKy-
MyJISITOPbl, THIPONDPHBOL B CTAHKOCTPOEHMH, NPHOOPH! JJIsi H3MEPEHH ST
JaBJIeHUH#, aBTOMOOMJIH M TPaKTODH,, TOPMO3HOE J1eJIo, THIpaBJHye-
CKasi CMasKa, pacyeT HEKOTODHIX 3JIeMEHTOB CaMOJIeTOB M THApoca-
MOJIETOB, pacueT HEKOTODHIX 3JIEMEHTOB [BHraTteseidl U T. I.).

BTopasi W TpeTbsi YacTb HacTOsILIEro yueOHHKa «[ HIpaBJjHYecKHE
MallWHb B 3HAUMTENHHOH CTENEHH OCHOBaHAa Ha MaTepuaJje MepBOH
yacTH Kypca «[HupaBiMKa» M HMeET LeJblo JaTh ofuiee MpeacTas-
JIEHHe O TEOPHHM M KOHCTPYKIMH THAPABJHYECKHX MalIHH.

HHxeHepaM-MexaHHKaM B HX NPAKTHYECKOH NESATEJbHOCTH JOBOJIb-
HO YacTo NPHXOAHTCS CTAJKHMBAaThbCsl C PabOTOH pasjiMUHBIX THJAPaB-
JHYecKHX MawmuH. Tak, HanpHMep, B MalIHHOCTPOEHHM IIpHMEHAETCS
6oJiblIIoe KOJIMYECTBO IEHTPOOEKHBIX HACOCOB Pa3JIMUHBIX THIOB MJIst
060pYIOBaHHSI NMHTATEJbHBIX CHCTEM MapOBBIX KOTJIOB TEMJOBLIX 3JI€K-
TPOCTAHUUI M KOpaGesJbHBIX YCTAHOBOK, JJIsi Nepekauku HedTH, Ma-
3yTa, MacJja, Hacochl JJisl KpeKHHr-Ipolecca, B cHCTeMax INHTaHHsA
roprouuM camoJieroB. OGbeMHbIE HACOCH! SIBJAIOTCS HEOOXOJAHUMBEIM 060~
PYIOBaHUEM TI'HAPaBJIHYECKHX IPECCOB H aHAJOTHYHBLIX 1M yCTaHOBOK.
Kpome TOro, B MaulHHOCTPOEHHH WIHPOKO HCHOJb3YyIOTCs POTOPHBIE
HAacoCHl CNEeHaJbHEIX THIOB (IJacTHHYaTHIE,KOJOBPATHHE, BHHTOBBIC
M T. 1.) IJis TOJayld CMa3oyHOrO MAacjia B CMa30uHble LHPKYJIAUHOHHbIE
CHCTEMBI, JJi paGoThl THApPaBJHYECKHX MPHBOJOB B CTaHKaX H T. J-
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[IpomelIJieHHOE H NHTBEBOE BOJOCHAGKEHHE TaKkKe sIBJISEeTCs Of-
HHM H3 KpyIHeHINNX norpebuTtesell HacocHoro otopy foBaHusi. [Tomumo
60JIBLIIOTO  KOJIMYUeCTBa OOBIYHBIX IEHTPOGEKHBIX HAaCOCOB, 3JeCh He-
06X0nHUMBl T'JTyGOKOBOXHBIE 1IEHTPOGEKHEIE HAcOCH! AJst OTKAuKH BOJBI
U3 TJyOOKMX CKBaXXMH, @ TaKke pasHOr0 poja BOJONONBEMHBIE
YCTPOHCTBA.

KpynHoe sHepreTrHyeckoe CTPOHTEJNLCTBO H aBTOMATII3allUs IIPO-
H3BOJCTBA CBSI3aHbl C NPUMEHEHHeM THIpPaBJIHYECKHX MAUIMH DPasHO-
00pa3HBIX KOHCTPYKIHH. DTO 00s3bIBae€T HHXKEHEPOB-MEXaHHKOB, Ja-
JKe€ He CHelHaJH3HpYoIKXCs B 06/1aCTH TI'HJPOMAalIHHOCTPOEHHUS,
HUMeTb OIpejJieleHHble 3HaHHA @0 THAPABJIHKE H THJPaBAHYECKHM
mamHHaM. IlosTomMy BO BTOpO#i M TpeThbell yacTH Kypca paccMaTpHBa-
I0TCSl THIpaBJHUYECKHe MAaIIMHBI H THIpaBjHYecKHe NPHBOJIHI.

Hacroamu#i y4eOHMK 3HauHTeJbHO NepepaGoTaH H JONOJHEH B
COOTBETCTBHH C HOBOH mHporpaMMoli Kypca «l uapaBninka, rujpasiu-
YecKkHe MallHHbl H THIpPAaBJHYECKHe INPHBOIbI HJs MAMIHHOCTPOH-
TeJbHBIX M MeXaHHYeCKHX CIlellHaJbHOCTEH BBICIIHX Y4eOHbIX 3aBe-
LeHHH.

Paspen I «['nppoaunamuueckye mnepenayu» BTOPOH YacTH M TPeTbs
yacth «OGbeMHBIE I'MJPaBJHYECKHE MAWMHBI M THAPABJIHYECKHE INpH-
BOAEI» TO TIIpoch6e aBTOpa HAaNMCAHBl 33aHOBO JOLEHTOM XapbKOB-
KOro NOJIHTeXHHUYeCKOro WHCTHTyTa HmendH B. M. Jlemuna kaupupja-
ToM TexHuyeckux Hayk [1. M. Ausemko, 3a 4To aBTOp NPHHOCHT eMy
ryiy6okyio 6JarolapHoCTb.

ABTOp BecpbMa NpH3HATeNEH PeleH3eHTY INpeIbIAYINero H3XaHHs
IOKTOpY TexHH4eckKux Hayk 3. 3. Padanecy-Jlamapke 3a psj ueH-
HBIX 3aMeYaHHuil, KOTOpble ObIJIM YYTeHBl IPH OKOHYATEJbHOH MOAro-
TOBKE PYKONHCH K meuyaTd. [IpH NMoAaroToBke KHHTH K Neped3naHHIO
aBTOp YyueJs IeHHBIE 3aMeuaHHs nokoiiHoro akajgemuka I'. ®. Ilpo-
CKYPpBHL.



YACTb NEPBASA
THAPABJIHKA

BBEIEHHE

TuppaBiauKkoit HasbiBaeTCsl NPUKJAJHAS MHHXEHepHash HayKa, B
KOTOpPOH H3yYaloTCs 3aKOHbl DaBHOBECHS H JIBHXKEHHSI KameJbHBIX
KHIKOCTEH, a TakxXe METONbl NPHMEHEHHsI 3THX 3aKOHOB B pasJiny-
HbIX 06JIaCTSIX MHXKEHEPHOH NpaKTUKH. B nepBol yacTu rujpaBJHKH
paccMaTpHBAIOTCS 3aKOHbl PAaBHOBECHS JXHIKOCTEH (THapocTaTH-
K a); BO BTOpOil — 3aKOHbl JBHKEHHSl XHIKOCTeH (OCHOBBI T'H J-
POAHHAMHKH).

Jloisi mo3HaHHsi paccMaTpHBAeMbIX SIBJEHHH M YCTaHOBJICHHS NpPH-
YHUH WX BO3HHKHOBEHHMs, a TAaKKe YCJOBHH TNpPOTEKaHHUsi, B THAPAaB-
JIHKE IHHPOKO NPHMEHSIOTCS YNPOIIeHHble NPHEMBbl pelIeHHs] HEeKOTO-
PbIX 3ajiay C 1eJblo MOJyYeHHs MPHOJHXKEHHBIX, HO HHOrAa KpakiHe
HEOOX OJIMMBIX OTBETOB Ha BONPOCHI HMHXKEHEPHOH NPaKTHKH.

OcHOBbl T'HApABJMKH 32aHMCTBOBaHBI H3 TEOPETHYECKOH B MpOLl-
JIOM HayKH THAPOMEXaHHKH, B KOTOPOH H3yYeHHEe 3aKOHOB PaBHOBE-
CHi M JIBHXKEHHs XHIKOCTeH, IPOBOAHMOE C INPHMEHEHHEM JHIIb
CTPOTO MaTEMaTHYECKHX MeTOJOB, IIO3BOJAJO MOJyYaTh OOIIHe De-
IIeHHsI PasJIMYHBIX 3ajay THIPOCTATHKH H THApOAHHaMuKH. Jlogroe
BpeMsi THApPOMeXaHHKa paccMaTpHBaJa INPEHMYILECTBEHHO HEBA3KYIO
(veasibHYIO) JKHAKOCTb, T. €. HEKOTOPYIO YCJIOBHYIO KHJAKOCTb C ab-
COJIIOTHOH NOABHKHOCTBIO YaCTHI, CYHTAIOILYIOCS abCOJIOTHO HECXKH-
MaeMOH, He oO6Jjajawoliell BA3KOCTbIO H HE COMpPOTHBJAIOMICHCS pas-
peiBy. B mocJsiennee BpemMs rujpoMexaHHKa cTajia paspeliaTh TaKke
npo6JieMbl IBHXKEHHsI BA3KHX (peaJsibHBIX) XXHJKOCTeH, a MOTOMY pOJib
3KCNepHMeHTa B THApOMeXaHHKe 3HayHTesJbHO Bo3pocsa. O6ocobieH-
HOCTb PasBHTHSI HAPaBJHKH ¥ FH]POMEXaHHKH Telepb H3XKHBaeTCA H,
Kak B cBoe Bpems orMeuas akanemuk H. H. INaBnoBckwii, «o6e HaykH
COJIBIOTCA B OAHY, KyJa THADOMeXaHHKa BHeCeT CBOIO TeopeTHye-
CKYI0O CTPOrocTb H IOJIHOTY HCCJIEIOBAHHA, a THApaBJIHKa — CBOH
JKHUBOH, NPAKTHYECKHH AYX».

Ilepexoxst Temepp K KpaTKOMY H3JIOXEHHIO HCTOPHH pasBHTHA
THADPABJIMKH, OTMETHM, YTO HCTOPHSA PasBHTHs T'HJPOMALLIHHOCTPOCHHH
AaHa BO BTOpOH 4acTH yueOHHKa «[ MApaB/HYeCKHE MALUHHbIY.

PeilleHHsi OTJe/ibHBIX YaCTHbIX BONPOCOB TI'HAPOCTATHKH OblIH
XaHbl ewe Apxumemom B 250 r. mo H. 3. B ero tpakTare «O nuia-
BalOIMX TeJax», KOTOPBIH CYHTAETCS MEPBbIM HaydilbiM TPYAOM B

6



ob6aactu ruppaBiaukd. HapecTHeIfi 3akoH ApxHMeja, onpenesiioOuIH i
CUJIbl JaBJIEHHS] JKHAKOCTH Ha TOBEPXHOCTb IOFPYXKEHHOr0 B Hee
Tena, JiomleJ B IOJHOH HENDHKOCHOBEHHOCTH [0 HAIIHX JAHed.
B X1V Beke 3HaMeHHTHIH yueHblii Jleonapno na Bunum (1452—1519)
HanmucaJs HcciaefoBaHHe «O IBHXEHHH M H3MEpPEHHH BOJbI», KOTOpOE,
npaBja, Gbio onyGaHKoBaHO ToJbKO B XX cTosleTHH. Mexny mpo-
yuM, Jleonapno na BHHYM NpHHAAJIEXKHT KJaCCHYECKOE BbICKa3biBa-
HHe, K COXaJIeHHIO, He MOTepsiBliee 3HaYeHHe H B HACTOsIlee BpeMs:
«Bcskuf pas, xorja Hmeellb JeJiO C BOROH, Npexje Bcero o6paTHch
K ONBITY, a NOTOM yXe paccyxniaii.

Tlocaen yioune raasHedHe pa6oThl B 06/1aCTH T'MAPABJHKH IpPH-
Hajaexat Tanunero (1564—1642), Topuuenau (1608—1647), INackamo
(1623—1662) u Hcaaky HyioToHy (1642—1726). Topuuenau cdop-
MyJIHPOBaJl 3aKOH HCTEUeHHs] XKIIJKOCTH H3 orBepcTi. Ilackamo
NPHHALJIEXHT 3aKOH O Nlepejjaye IaBJICHHA BHYTPH XKHAKOCTH (3a-
KOH Ilackans), a Micaak Hbl0TOH BbicKasaJjl THIOTe3y O BHYTPEHHeM
TPEHHH B XHIKOCTH H YCTaHOBHJ 3aKOH JIHHaMHYeCKOro nopobus
IBHXYIIMXCA TOTOKOB, LIHPOKO NPHMEHSIOUHHCS B HACTOsILEE BpeMs
B TEOPHHM MOJEJHPOBAaHHA NpPH THAPABJHYECKHX J1abOpaTOpHBIX HC-
cJie JOBaHHSX.

[MepeuncyienHbie Bbile paGoThl KpynHe#mux yuenbix X VI—XVII se-
KOB CHITpaji OOJIbLIYIO POJib B J€Jie PasBHTHsi OTHEJbHBIX pasieJsioB
runpaBauki. OIHaKO Kak caMOCTOsiTelbHasi Hayka TIHJpaBJHKa
HauaJa (OopMHpOBAaTbCS TOJBKO INOcCJe paGoT, BHINOJHEHHbX B Poc-
CHHACKOHM akaJeMHH HayK akajeMukamu MnxausoM JIoMOHOCOBBIM
(1711—1765), Hauuuaom Beprynan (1700—1782) u Jleonapaom ditse-
pom (1707—1783), KoTOpBHIE YCTAaHOBHJIH OCHOBHBIE 3aKOHbl JABHXKEHHS
JKHIKOCTH, CTaBLIHE TEOPeTHYECKOH OCHOBOH T'HAPAaBJIHKH.

Iennanbublii pycckuii yuessli M. B. JIOMOHOCOB B KJ1aCCHYECKOM
Tpyae «PaccyjaeHnsi o TBepJOCTH H KHJKOCTH TeJsa», OTKPbIB 3aKOH
COXPAaHEHHsl BellleCTBA M JIBHIKEHHsl, CO371aJl TEOPETHUECKYIo 6a3y s
JajbHeHIIero pasBHTHA T'HIPOAHHAMHKH.

B cBcem BobigatomeMmcs Tpyne «HApoAHHAMHKa», OMy6JIHKOBAHHOM
B 1738 r., akageMHk DBepHy/uH nosiyyus WIHPOKO H3BECTHOE ypaB-
HeHHe, yCTaHaBJIMBAIOllee CBSI3b MEXAY JaBJieHHeM, CKOPOCThIO JBH-
JKEHHS H BBICOTOIO M SBJISIOIIEECH OCHOBHBIM ypaBHEHHEM THAPOIH-
HaMHKH.

AxaneMHk Diiiep B counHeHHH «OG6LIHe NPHHUMIBL ABHXXEHHS
XHAKocTH» (1755) BbIBeNl nH@depeHIHaNbHble yYpaBHEHHs! PaBHOBECHs
U JIBHXKEHHs JXKHAKOCTeH, naB GoJiee ofllee pellleHHe NAHHOH 3ajayd.
B vactHocTH, M3 pH(QepeHuHaNbHBIX ypaBHeHHil Jiijiepa JIerko Mo-
}KeT OblTb NOJIyYyeHO ypaBHeHHe DepHyJuH.

Hccnenosanns Beprysaun u Jiisiepa B fasbHeiiueM GblJH IPOJOJIKE-
Hbl H pacCLUIHpeHBbl, NPHYEM BIJIOTb A0 Hayasa XX CTOJIETHS OCHOBHBIMH
npo6JieMaMH THAPABJHKH SBJISJIHCh H3yueHHe TypOyJIeHTHOCTH IOTOKa
H OOLYX 3aKOHOB CONMPOTHBJIEHHS] JBHXKEHHIO BSA3KHX XKHJKOCTeH, Hc-
CJlelOBaHHe JIBUXKEHHS IOTOKa B Tpy6ax, KaHajlax H BOJOCJ/IHBAaXx,
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H3yuyeHHe THJPaBJHYECKOTO Yyhapa B TpyGax H NOTeph SHEPrHH Ha
MECTHBIX CONPOTHBJIEHHSIX, HCCJeJloOBaHHe IpobJeMbl (UJbTPaLUH
KHAKOCTH Yepe3 IOPHCTYIO cpely, pa3paGoTKa TEOPHH pPasMEepHOCTH
H nogobus M T. A. [Ipu atoM ocoGoe BHMMaHMe yieJsJoch JaGopa-
TOPHOTY 3KCIEPHMEHTHPOBaHHIO.

B sToT mepHox Haj nepedyHCJICHHBIMH Bhlle NPOGJeMaMM THJ-
paBJuMKH paboTajii MHOrMe HHOCTDaHHbIe H pycckue yyeHnle. Hau-
GoNbIIMA HHTEpEC MpPeACTaBJSAIOT HUCC/AEJOBAHHA TAKHMX HMHOCTPAHHBIX
aBTopoB, kak Ilesu (1755), Benrtypu (1780), Beiic6ax (1842), ba-
sen (1858—1897) u Peiinonbac (1883). Mx paGoThl OCTaBHJIHM 3HAUH-
TeJbHBIH CJEJ H OKasaJH CBOe BJMsHHE Ha JajbHellllee pasBUTHE
T'UJpaBJUKH.

@pannysckuit yuennlii Illesu usBecteH paGoTamu B 06JIaCTH PaB-
HOMEDHOro JBHXKeHHA XKHAKOCTH. Ero ¢dopmyna jpaa cpeineii cko-
pPOCTH IBHXXKEHHS KHJIKOCTH H B HACTOsllee BpPEeMs SIBJIsIeTCH OCHOB-
HOH TP pacyeTe KaHaJOB, eCTeCTBeHHBIX pycea H Tpy6. Pa6orhi
BeHTypu TNOCBsIIEHb TJaBHEIM 00pa3oM HCCJEJOBAHHAM HCTEYeHMs
JKUJKOCTH Yepe3 OTBepPCTHS M Hacajku (Hacajnok Benrtypu, Bomomep
BentypH), a pa6otsl Belic6axa — NpeUMyIneCTBEHHO HM3YyYEHHIO MeCT-
HBIX M TyTeBBIX INOTeph Hamopa B Tpy6ax. Pe3y/bTaTel MIHPOKHX
uccnefoBaHni basena, usyuaBumiero McTeueHHe JKHAKOCTH depes3 BO-
JOCJMBE], a TaKXKe paBHOMEDHOe IBHIKEeHHe XKHIKOCTH, HCIIOJb3YIOTCS
u B Hactosuiee Bpemsi (popmyJnl BaseHa njs BOZOCJIHBOB C TOHKO#H
CTEHKOH).

Cineayer ocoGeHHO OTMETHTb paboTHl aHrJMiicKoro ¢usnka Oc6op-
Ha Pelinonmbaca, kotopwlil Brepsble (1883) Ha OCHOBaHHMM HOCTaBJeH-
HbIX WM 4Ypes3BblYAaHO HArJIsiIHBIX JKCIIEDHMEHTOB INOKa3as CyLLecT-
BOBaHME [IBYX pEXHUMOB MpPH J[BIKEHHH peasbHbIX KHJKOCTel —
JJaMHHapHOTO M TypOYJIEHTHOTO.

Bousbluyio posp B pasBUTHH THAPABAUKH TOTO BPEMEHH ChITpaJii
pycckHe yueHble. B nepBylo odepeip 31ech cJefyeT OTMETHTb pa-
6oT1hl npodeccopa Kasanckoro yumsepcutera M. C. I'pomexa (1851—
1889), ocHOBaTensi pycCKOM ILKOJBI FHAPABJIMKOB, PAacCMaTPHBaBLIEroO
CTPYKTypy IIOTOKa 3KHAKOCTH KakK BHXpeBYio (ypaBHeHHsi I'pomeka
AJsi BUXpeBoro nBuxenusi xupkoctu). ITpodeccop H. II. Ilerpos
(1836—1920) onyGarkoBan B 1882 r. uccienosanue «I'HapojHHaMu-
yecKasi TEOPHsl TPEeHHs] NpPH HaJHYHOCTH CMa3blBalOUIEH KM AKOCTHY,
NpHHeclllee €My MHPOBYIO H3BeCTHOCTb. [13BecTHBII pycCKHil HHXKe-
Hep H yueHwii B. I'. [llyxos B 1886 r. mepBblM BHLINOJHHJ HCCJELO-
BaHHsl B OGJIaCTH THAPABJIHKH He(TH, H3yuHB [BIKCHHE XHIKOCTeH,
XapaKkTepH3yIomuXxcsl GOMbLIOH BA3KOCTbIO. ['eHHaJsbHbll pyccKuH
yueHbli npocdeccop H. E. )Kyxkockuit (1847—1920) eme B KOHLE
X1X croneruss pemus BONpOC O THAPABJHYECKOM ylape B Tpybax
(1898), mon0OXKMB TeM caMbIM Hayaso HCCJeJOBaHHIO OJHOH H3 Baxk-
Heflunx npo6JeM TI'MIPaBJHKH.

Wpeu, 3a70:KeHHble B YKAa3aHHOM BBIIllE KJIACCHYCCKOM COYHMHEHHH
npogeccopa H. I1. [TerpoBa, Hawau CBOe JajbHelllce OTpaxeHHe U
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B tpynax H. E. )Kykosckoro. B 1906 r. H. E. J)KykoBckuil cos-
mectHo ¢ C. A. HanasiruaeiM ony6aukoBan pabory «O Tpenuu cMma-
30YHOTO CJIOSI MeX]JYy IUIWIIOM H NOAIIHMIMHHKOM», B He#i Gblio paHO
TOYHOE MaTeMaTHyeckKoe pelieHue 3anauyu [lerpoBa. B ToMm xke romy
H. E. )XykoBckuil pa3paboTa; TeOpHIO IOABEMHOH CHJBI Kpblja.
Ha ocHOBaHHH 3TOH TEOPHH CTaJO BO3MOXKHBLIM IPOH3BOIUTH pacye-
Thl KPBIJILEB CAMOJIETOB, a TaKXe Jonacrel paGounx KoJjiec THApPaB-
JIHYECKUX TYPOHH, NEHTPOOEXKHBIX U NpPONeJJIepHbIX HacocoB. Takum
o6pasom, Oblia pellleHa BaxKHefmas npobJjeMa a3pOAHHAMHKH
¥ THAPOIMHAMHUKH.

IMocne Benukoit OkTsa6pbekoil peBostonuu B CoBerckoM Coiose B
NEPHOJ TNEPBBIX MHSTUJIETOK Iepei COBETCKUMH HHXKeHepaMH ObLId
TIOCTaBJIEHbl CJOXKHBIE 3a7auH, CBSI3aHHble C PAa3BUTHEM COBETCKOTO
TypOHHO-, HACOCO- H CTAHKOCTPOEHHS, a TaKXe BOJHOro, BO3IYyLI-
HOTO0, JKeJIe3HOJOPOKHOI0 H aBTOMOGHJILHOTO TPAHCNOPTA H T. A.

IJst  oCyllleCTBNIEHHSI JIEHHHCKOrO IulaHa 3JeKTpHHKalHH
(FO3JIPO), yrBepxknenHoro B 1921 r., morpeGoBasoch BO3BeLeHHE
KPYNHEeHWHX THAPOTEXHHYECKUX coopyxeHHH (Bosaxoscrpoir, Jdnen-
porac) M cosnaHHe MOLIHBIX TYpOUHHBIX arperatoB. Cpasy e BO3-
HHKJO MHOXECTBO BOIPOCOB, CBSI3aHHBIX C MNPOEKTHPOBaHHEM H
CTPOHTENBLCTBOM pAa3/IHYHBIX BeCbMa CJOXKHBIX THIPOTEXHHYECKUX
COOpYXKeHHH ¥ TuApaBaudeckKux MamuH. Ha GoJbLIMHCTBO H3 HHX
OTBETHThL OKa3aJ0Ch HEBO3MOXKHO €3 MOCTAHOBKH IIMPOKHX 3KCIIE-
puMeHTOB. DbLIM CcO3[aHbl NPOM3BOIACTBEHHBIE THIPaBJIHYECKUE
¥ THApPOMAaUIMHHBIE J1a0OpaTOpPHUH, Tle MO aHAJOTHU C 3aBOACKHMH
TEXHOJIOTHYECKUMH J1a6opaTOpPUsiMH  BBINOJTHSJINCh THADPABJIHUECKHE
1CCJeI0BAHHS POEKTHPYEMBIX COODYXKEHHH W MAaIluH.

Co3maHHasa Ha CTPOHMTENLCTBe KaHatla UMeHH MoOCKBEHI crenuasb-
Has 1aGopaTopHs AJisl HCCAeL0BaHHS MOJENIH NPOMNeNJIePHOTO Hacoca
MO3BOJIMJIA CIPOEKTHPOBATh U IIOCTPOUTH NMPEBOCXOAHBIE MALIMHBI T
BHICOKHMHU K. II. I. Pa6oTsl 60/1bII0H Hay4yHOH NEHHOCTH BbLIIIOJIHSA-
JIUChb W BHITNIOJIHAIOTCS B KDPYIHBIX THIPaBIMYeCKHX JaabopaTopusix
HallMX HayYyHO-HCCJIeIOBATEIbCKHX HHCTUTYTOB H BBICHIMX YueGHBIX
3aBenenuii. B naGoparopusax lLleHTpasbHOrO a3pOruipoauUHaMHue-
ckoro uHctutyTa umMeHd H. E. J)KykKoBcKoro Takxe BeayTCs MHOTO-
ypcaeHHble paGoThl B 00/1aCTH a3pOJHHAMHKH U THADPOAMHAMUKH,

B pesyabTarte conpyxecTBa HayKH M IDOM3BOJCTBA THAPABJIMKA
npeBpaTHIach B IePElOBYI0 NPAaKTHYECKYIO HAYKY, Ha3blBaeMylo Ha-
MM HHKeHepHOH rujpamiukofl, Beaymas posb B co3jaHMH HHXKeEHeD-
HOM THApPABAHMKHM NpuHaanexuT akaneMmuky H. H. IlaBnosckomy,
KOTOPBHIH pelln/ MHOTHe BaXKHble npobjeMbl B 06JacTH paBHOMED-
HOrO ¥ HepaBHOMEPHOTO ABHXKeHHS XKHIKOCTH, a TakxKe paspaboras
HOBBIE MeTOJBbl pacuera QUAbTPALHH INOJ FHAPOTEXHHYECKUMH COOPY-
KEHHSAMH U uepe3 3eMJIsIHble TUIOTHHHL. BoJblioe nmpakTHueckoe 3Ha-
YeHHE HUMeeT NMPeIJIOXKEHHBI HM METOM 3JeKTPOTHIPOAHHaMHYECKHX
anajoruil (Merox DT JIA), WIMPOKO NPHUMEHSIOIHACSH B HacTosliee
BpeMsl B pa3JHuHBIX oOsacTsx TexHMKH. M, Hakoneu, GoJbluoi 3a-
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CJYrod SBJIAETCH TO, YTO eMy YJAAJOCh CO3[aTh LIKOJY COBETCKHX
THIPaBJIHKOB.

3HaYHTeJbHYI0O LEHHOCTb INPEeACTaBJslOT paGoThl  aKajeMHKa
JI. C. Jleii6ensoHa, sanuMaBluerocs jaJbHeHILHM pasBHTHEM THAPO-
IHHAMHYECKOH TEODHH CMasKH, TEOpHH THJPaBJHYeCKOro yaapa B
Tpy6ax W rujapaBink# HedptH. KpynHsle HccoenoBanusi TYpGYJIeHT-
HOTO DpEeXMMa JBHIKEHHsi JKHJIKOCTEeH, BbHIIIOJIHEHHble aKaJeMHKOM
A. H. KoamoroposwiM, mnpodeccopom M. A. BesHkaHOBBIM |
[. A. TypXHeHKO W [p., ABJSIOTCS IEHHbIM BKJAJOM B 1LeJO pas-
BHTHSl COBDEMEHHOH T'HJpaBJIHKH.

Haxonen, Gonbwoit uHTepec npencTaBasioT paGoThl aKaieMHKa
C. A. XpHctHaHOBHYa B 0GJIACTH HEYCTAHOBHBIIErOCs JBHMKEHHS
XKHJAKOCTH, KOTOpBIi NpENJIOKHI OOImHH MeTol HHTerpHpOBaHHS
YPaBHEHHHl HeyCTaHOBHMBIIErocsi IBHXKEHHS.

Hcropuss wumnxkenepuoii runpasiankuy B CCCP cBuzueTesbCTBYET O
rpomMasiHoii pabote, NpOJeNaHHOH COBETCKHMH YYEHbIMH. Y CHeEIHOe
pelleHHe HMH B TECHOM COJpYKeCTBe C NMPOH3BOJCTBEHHHKAaMH MHO-
JKecTBa 3ajjau 06GecHeuHJi0 COBETCKOH HHIKEHeDHOH ruJpaBJHKe 3a-
CJyXEHHBIH aBTOpDHTET B MHPOBOH Hayke.

CTpoHTeNIbCTBO KPYNMHBIX TEMJIOBBIX ~ 3JIEKTPOCTaHUHH TpelGyer
CO3/laHHsl TapoBbIX TYPOHH KOJIOCCAJbHOH MOLLHOCTH H pellleHHs
MHOTHX CJIOXHBIX BOIpPOCOB BojHoro xossiicrea TOL| (nmpyawl oxJsa-
AMTENH, BONO3a6opbl, cOPOCHBIE KaHa/Mbl M T. I.).

s coopyenusi KpynmHeiinx B Mupe ruapocranumii (bparckoi,
Kpacrosipckoli, Uaumckoit ¥ p.) HEOGXOIHMO CO31aTh CBEPXMOLLHEIE
THApaB/HYyecKHe TypOMHBl H OCYLIECTBHTb CJIOXHbl€ [HJPOTEXHHYe-
CKHE COOpYKeHHSI.

HHTeHCcHBHOe pasBlTHE OpOIIAEMOro 3eMJlIefieslHsi Ha COBPEMEHHOM
OCHOBe TpefyeT NOJIHOH ABTOMATH3alHH YINPaBJIeHHS OPOCHTEJbHBIMH
CHCTEeMaMH M aBTOMaTH3allWH TOJIMBOB, IJisi Yero HeOOXOAHMO pas-
paboraTb HanGoJsiee COBepllIeHHble KOHCTPYKLHH J0XKJeBaJbHbIX yCTa-
HOBOK, aBTOMAaTHYeCKH JeHCTBYIOWIHX BOAOMEpPHBHIX M BoJoOpacnpe-
AeJHTE]bHBIX  YCTPOHCTB, CHCTEM aBTOMAaTHYECKOrO yNpaBJeHHs
saTBopamMH H T. A. lInpokas aBTOMaTH3alHUsi TNPOH3BOJCTBEHHBIX
NpOLECCOB C NpHMEHEHHeM THIpaBJMYeCKHX Nepejay M THApaBJHye-
CKHX NpPHBOJAOB MoTpebyeT paspaGOTKH HOBBIX THAPaBJHYECKHX CH-
CTeM H GoJjiee COBEPILEHHOrO HAaCOCHOro 06OpYHOBaHHA K HHM.
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T'aasa nepsas

®HU3HUHYECKHE CBOHCTBA )XHOAKOCTEH
U TJIABHEHWIUHE ONPENEJEHUI

§ 1. BAXKHEHIWWHE ®U3HWYECKHE CBONCTBA XUIAKOCTER

Kuaxocts npeacrabasier co6oii (uU3uUecKoe Teno, B KOTOPOM
CHUJIBI MEXKMOJIEKYJ/ISIPHOTO CllelJIeHHS] MeHblle, YeM Yy TBepAbIX Tel.
[TosTOMy yacTHUBI *KUAKOCTH JIETKONMOJABHXKHBEI H NPHOGpETAlOT Kak
nocTynateJbHOe, TaK W BpallaTeqbHOoe JBHXKeHHe. BecbMa Masible
CHJIbI, JeACTBYIOLLHE Ha XKHAKOCTb, CTOCOOHBI BbI3bIBAThH H3MEHEHHE
ee ¢opMbl. B oTanuHe OT TBepAbIX TeJ, XKHAKOCTH He obsanaior
CnocOOHOCTBIO COXPAHSITh CBOIO (popMy u npuobGpeTaioT (popmy co-
cylla, B KOTOPOM OHH HaXOJATCH.

JKuJKOCTh HACTOJBKO NMOABHIKHA, YTO OHA TeyeT MoJ [AeicTBHEM
CHJIBl TSIXKeCTH (TeKyyecTb). B OOBIYHOM COCTOSIHMM KHIAKOCTh OKa-
3bIBaeT BeCbMa MaJioe CONpPOTHBJIEHHe pas3pblBy H 6GOJbLIOe COMpO-
THBJICHHE BCECTOPOHHEMY CXKaTHIO (MaJjasi cKHMaeMocTb). Bmecte
C TeM XHAKOCTb OKa3blBaeT 3HayHTeJbHOE CONPOTHBJEHHE OTHOCH-
TeJIbHOMY JIBHXKEHHIO COCEIIHHX CJI0eB (BS3KOCTD).

OO6biyHO moj OGLIHM Ha3BaHHEM XKHAKOCTH OGbEeIHHSAIOT Kalelb-
Hble JKMMKOCTH M Trasbl, KOrJa HX MOXHO CYMTaTh KaK CIJIOLIHYIO
MaJIoCXKHMaeMyIo JIerkKonoABHXKHYIO Cpely.

KaneabHble XHAKOCTH — BOJa, HedThb, KeDOCHH, OEH3HH, PTYTb
d Apyrue — o6pa3yior Kamiau. ['azoo6pasHbie KUJKOCTH — BO3AYX U
ApPYrHe ra3nl — B 0OBIYHOM COCTOSIHHH Kallesb He 06pa3yIorT.

B ruapaBiuke paccMaTpuBalOTCHA TOJIBKO KaleJbHble XH/KOCTH.
I1pu 3TOM NOA KanenbHOH XKHAKOCTBIO MOHUMAIOT Teso, obJajaouiee
CBOHCTBOM TEKYUYeCTH, T. €. crnocob.ioe moa neAcTBHEM BeCbMa MaJiblX
CHJl CyLIeCTBEHHO H3MEHATb CBOlo ()OPMY, HO B OTJIHYHE OT rasa
KpaHe MaJI0O H3MECHsIOLlee CBOIO IJIOTHOCTb NMPH H3MEHEHHH [aB-
JIeHHSI.

OnHako B Tex ciayuasiX, KOrja liMeeTcsi BO3MOXXHOCTb npeHebpe-
raTh CKHMaeMoOCTbIO Ia30B, BINOJIHe JONYCTHMO NPHMeHeHHe K ra3am
OCHOBHBIX 3aBUCHMMOCTEH THADABJHKH.
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IlnoTHOCTD ¥ ynenbHBIA Bec KameabHBIX XHAKOCTeH

B nosoii mexayHnaponnoit cucreme (CH) noTHOCTHIO Ha3BIBAeTCs
Macca eIUHHIbl O0bema, T. €. OTHOIIEHHEe MacChl K ee O0BeMy:

p= (1)

rle m—Macca Teja, Ke,
V —o6bvem Tena, m3;
p — NJOTHOCThL Teja, ka/m3.

3a eAMHHLY NJOTHOCTH NPHHMMAeTCsl KUJIOTPAMM Ha KyGHUecKHii
MeTp (k2/m®), 4TO COOTBETCTBYET IJIOTHOCTH TaKOTO OJHOPOIHOIO
BEIllleCTBA, Ha OJMH KyOHuecKHHi MeTp KOTOpOro IPHXOJHTCS Macca
B OJMH KHJIOTDPaMM.

B ruzpapinke mMPOKO HCHNOJMB3YeTCs TaKXKe INOHsITHe 00 OmHo-
cumeabroll TJIOTHOCTH, MpejCTaBJsiomell co60l0 OTHOLIEHHE IIIOT-
HOCTH pacCcMaTpHBaeMOHl JKHMJAKOCTH K MJIOTHOCTH BOJBI IIpH [ =
= +43,98°C u atmocpepHom paBieHHH. OTHOCHTE/NbHAs ILJIOTHOCTD
ofo3Hagaercsi yepes d.

CilenoBaTeNIbHO, OTHOCHTEJNIbHOH NJIOTHOCTBIO BOXBI d OyJeT OTHO-
HIeHHe MJOTHOCTH BOABI NPH 3aJaHHOH TeMmmepatype K HanGoJbluei
IJIOTHOCTH BOJbl, COOTBeTCTBylomell # = +43,98°C. Torma saBucu-
MOCTb OTHOCHTEJIbHOIl NJIOTHOCTH BOJBEI OT TeMIepaTypbl INpH aTMo-
cepHOM NaBJeHHH XxapakTepu8yeTcsi NaHHBIMM, NpHBEJEHHBIMH B
taba. 1.

TaGununal
OTHoCcHTE/IbHAA TMJIOTHOCTD BOJbI

t, °C d t, °C d t, °C d t, °C d
0 0,999 87 10 0,997 50 30 0,995 76 70 0,977 94
3 0,999 99 15 0,999 15 40 0,992 35 80 0,971 94
3,98 1,000 00 20 0,998 26 50 0,988 20 90 0,965 56
5 0,999 99 25 0,997 12 60 0,983 38 100 0,958 65

[IpyMepHO TakuMH Ke JaHHBIMH XapaKTepHU3ylOTCs H OTHOCHTEJb-
Hble INJIOTHOCTH JPYTHX KaneJbHbIX XHAKocTell. Takum oOpasom,
IJIOTHOCTH KameJbHHX 3KHIKOCTeH MOryT CUHMTaThCsi MNPAKTHYECKH
IIOCTOSIHHBIMH.

Y nesibHBIM BECOM KHIKOCTH HasblBaeTCs Bec ee eAMHHLbI 00bema,
T. €

G
T = V H/M3’

rne G — Bec (CHJa TSIXKECTH), H;
V — 06beM KHIKOCTH, M3,
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B Taba. 2 npuBeneHH YyIeJbHBHE Beca HEKOTODHIX KaleJbHBIX
JKHIAKOCcTefl, C KOTOPBIMH HaHnboJsiee 4acTO NPHUXOIHUTCS CTaJKUBATHCH
B HHXEHEpHOH NpakTHKe.

Ta6nuua 2
YneabHbie Beca HEKOTOPHIX KHIKOCTEil

. Y 1ebHHH o

HaumenoBanue Xuakocrei Bec, #/m® t, °C

UMCTast MIPECHAS BOAA .« + « v o « o « o o « o o o+ -« 9810 4
OGbluHASE MOPCKAT BOLA o « o o o o o o o o o o o + + 10 000—10 100 4
Hedrp sergast . . o . . . o o . e et e e e e e e 8440—8640 15
HedTh CPeHAT . v o v o v v o ¢ v v 0 0 o v o o o & 8640—8830 15
Hedrs Taxenas . . . . . . . e e e e e e e e e . | 9030—9120 15
KepocHH . . . . v v 0 v ¢« v v o v v v v o e e e 7750—8040 15
DeH3uH aBHAUMOHHBIA . . . . . . . e e e e e e 6380 15
DeH3HH OGBLIKHOBEHHBIH . . o « ¢ v ¢ o « o o o o o« - 6870—7360 15
CoJiIpOBOE MACHIO .« & & + + « & & v e e s e e s 8640—8730 15
CMa304HBIE MACTA  + v o o « o o « o o & e e e 8730—9030 15
Masyr. . . . .. e e e e e e e e e e e e e 8640—9220 15
Fympon . . . .. e e e e e e e e e e e e e e 9130—9320 15
AJnkoronb GesBOJHBIA . . . . . . . e e e e e . .. 7750—7850 15
6201003’ 1 12 450 0
PTyTb. . v v v 0 v v v i i e s e e e e e e 133 500 0

CKumaeMoCcTs H TeMInepaTypHoe pacCUiMpeHHE KaledbHbIX KUAKOCTEH

Cocumaemocmero HasbIBAIOT CBOMCTBO IKHIKOCTH M3MEHSITh CBOIO
NJIOTHOCTb TIPH H3MEHEHUH JaBJEHHS U TeMIepaTyphl.

KamnesbHBIE JKHIKOCTH XapaKTEpH3YIOTCS OUeHb MaJiofl CxKHUMa-
eMOCTBIO, BCJIEACTBHE Y€ro MOAYJb CKuMaeMoCTH X. (K03(pHIHEeHT
OOBEMHOIO CKaTHS)
avil o,
T M3/H, 2)

Xe = —

<

rae Vy,— HavasibHBIH 0ObeM, M3,

dV — sneMeHTapHOEe H3MeHeHHe oObeMa, M%;

dp — sneMeHTapHOe H3MEHEHHe NABJICHHUS, H/M2.

Tak, Hampumep, IJis1 NpPecHOH BOIBI MOAYJb CKHMaeMOCTH X, NpH
temneparype or 0 go 20°C cocraBisier B cpegHeM

1
Xc = 0.000 OOO 004 75 = m Mz/ﬂ.

C noBbIIEHWEM TEMIIEPATYPHI H JaBJeHUs CXKHMAeMOCTb XKHAKOCTEH
HECKOJIbKO yMeHbLIaeTcsl. B 4acTHOCTH, MOfy/b C:KHMaeMOCTH AJIst
Bonbl npH joctuxkeHnu Temnepatypel 100°C u pgaBaennu g0 500 am

1
2
YMEHbIIACTCA C 51560000 A° 250000 000 * /4-
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Ipu nosbienun naBnaenus or 500 mo 1000 am u coxpanenun
O6BbIYHOH TeMnepaTypbl MOJYJb CXKHM3aeMOCTH BOJBl yMEHbIUAeTCs

[

1
570000000 "° 230000000 M /M-
”MelO[llHeCﬂ JaHHbIE O CXKHMAEMOCTH PA3JIHYHBIX KaneJbHbIX XUun-
KocTel 10 3BOJIAIOT OnpelIeJ]HTb 3HAYeHHUd Hux MOHleeﬂ ﬂpOﬂOﬂbHOﬁ
yﬂperCTﬂ, T. €. 3HaYeHHSA BeJIMUHH, 06paTHbe MO}IyJ"O CXKHUMAEMOCTH.

1
E= T HIM2.

Ins npecHoll BoAbl MOAYJb NPOJOJNBHOH YNPyrocTH OOBIY4HO MPH-
HuMaercsi paBHbiM 210 000000 x/mE.
Jast HepTH M PTYTH COOTBETCTBYIOLIHE 3HAUeHHs COCTABJAIOT:

Yo H/ME E n/m®

1 .
nedTb 0,000 000007 40 = 5z 135 - 108;

1
pryTts 0,000 000000313 = m3300~ 10e.

Paclunpenne kaneJbHbIX XKHIKOCTeil, NMpOHCXOAdllee NOX AeHCTBH-
eM TeMIepaTyphl, XapaKTepH3yeTcsi KO3(h(HIHEHTOM TeMIeparypHOro
pacuHpeHHs.

Ko3(dxpuuHeHT TeMIepaTypHOTO paclIHPeHHs KHIKocTed B T. e.
YHCJIO, OMNpelensiollee yBelHueHHe o6GbeMa XKHIKOCTH NpPH NOBbllle-
HUH TemnepaTtypbl Ha 1°C u paBHoe

I dw 1
Br=wa (3y
U3MeHsieTCs1 ¢ H3MeHeHHeM JaBJjeHHs. KoadduuueHT TemnepatypHOro
paculipeHHst JJIsi BOJABl YBEJHYHBAeTCs C BO3pacTaHHeM JaBJeHHS,
1751 GOJBIUWHCTBA JAPYrHX KamlesJbHBIX XHIKOCTEH C yBeJHUYeHHeM
IaBJileHHsl OH yMeHbliaeTcs. B Ta6i. 3 mpuBeleHbl JaHHbie O BeJIH-
yHHax Ko3(¢HlHeHTa TeMIepaTypHOTO pPAacLlUHPEHUs NJS BOJBI.

Ta6auuma 3
Koahduunenr TemnepatypHoro pacwupenus 8, aas Boan

Ilpu Temnepatype ¢, °C
JaBaenune
4—10 10—20 | 40—50 | 60—70 | 90—100
1 0,000 014 0,000 150 0,000 422 0,000 556 0,000 719
100 0,000 043 0,000 165 0,000 422 0,000 548 —
500 0,000 149 0,000 236 0,000 429 0,000 523 0.000 523

Insi nedty, Haxopduleilics B OOLIYHBIX YCJOBHAX, KOIPDUILHEHT
TemnepaTtypHoro paciuHpenus fB; = 0,000 600—0,000 800, nas prytu
B =0,000180 u 1. 1. XoTa KOabhHIHEHTH TEMIEPATyPHOrO pACIIH-
peHHsl IJs KaleJbHBIX KHIKOCTEeH 3HAYHTENIbHO BBHIIIE HX MOJyJed
CXKHUMaeMOCTH, BCE K€ OHH SBJAIOTCS oOyeHb MaJjbiMH. [losTomy B
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npenenax o6bIYHO BCTPEUAIOUWIMXCS HA NMPAKTHKE M3MEHeHHH NaBJIeHHi
H TemmepaTyp € TOYHOCTbIO, BIIOJIHE JIOCTATOYHOH 17151 GOJIbLIHHCTBA
HH)XXEHEepHbIX pAacyeroB, IJIOTHOCTb KaMNeJbHBIX KHJKOCTEH MOXHO
NPHHHMATbh TOCTOSAHHOM.

OxHako B HEKOTOPHIX CJy4asiX MPHXOAMTCH YYHTHBATb CXKHMa-
eMOCTb JKMJKOCTEH H HX TeMmIepaTypHoe paciiMpeHWe, CYHTas IJIOT-
HOCTh KHJKOCTeil NMepeMeHHOH, TaK KaK npeHebperaTb BJHAHHEM H3-
MeHeHHs 3THX (DaKTOPOB yXKe He NpeACTaB/sercs BO3MOXKHBIM. B uacrt-
HOCTH, NpPH H3yYeHHH SBJEHHS THIPABJHYECKOro yjaapa B TpyOax
CKHUMAEMOCTh KHIKOCTH SIBJSIETCS ONHHM M3 BaXKHBIX OOCTOSITEJNLCTB,
OOBSCHSAIOUINX JaHHOE SBJEHHE.

Cuiibl cUEnJIeHHSI H pPOJib TNOBEPXHOCTHOr0O HATAXKEHHUNA

B pesyabrare MOJIEKYJNAPHOTO TNPHTSIKEHHS MEXJY OTHeJNbHBHIMH
MOJIEKYJIaMH KHJKOCTH JEHCTBYIOT CHJIbI cuenJyieHusi. OXHaKo CHJbl
CLENJIEHHs!, KOTOPHE BO3HHKAIOT MEX]y OTHe/bHBbIMH YacTHIAMH, Ha-
XONALUIMMUCS BHYTPH MKHJAKOCTH, B3aHMHO ypPaBHOBELIMBAIOTCS.

[pakTHYECKH CHJIbI CLENJIEHHS! MPOABJSIOTCH TOJBKO Ha I'DaHHIAX
XKHAKOCTH ([OBEPXHOCTb COMPHKOCHOBEHHSI JKHIKOCTH C TBEPIBIMH
TeJjlaMi, CBOGOJHAs TNOBEPXHOCTb YKHJIKOCTH), 0OyCJIOB/JIHBAasA CMauHBa-
HHE CTEHOK COCYJOB, KanMJUISpHOE MOJHSITHE YKHMIKOCTH H NMOBEPXHO-
ctHoe HartsKeHHe. ITockoJibKy HeiicTBHE CHJI CLeNJIeHHs OObIYHO H3y-
yaercsi B Kypcax (H3HKH, B HaCTHOCTH, B TEODHH KaNHJLISPHOCTH,
TO 34eCb Mbl OCTAHOBHMCSl TOJBLKO HAa DPOJIM MOBEPXHOCTHOTO HATs-
JKeHHs.

BeaencTBue NPUTEXKEHHS MEXKAY OTAGNbHBIMM YaCTHUAMH KHJ-
KOCTH, PAacloJIOXKEHHbBIMH Ha TOBEPXHOCTH, H YPaBHOBELIWBAHHS BCEX
NECTBYIOIMX HA 3TH YaCTHUBl CHJI BO3HHKaeT TaK HasbiBaeMoe Io-
BEPXHOCTHOe HaTsiKeHHe. Ha moBepxHOCTH KM JIKOCTH o6pasyeTtcs CBoe-
o6pasHasi HaTsHyTas MJeHKa. BeJHunHa MOBEPXHOCTHOTO HATsIKEHHs
3aBHCHMT OT pOJa KHUIKOCTH M Temneparypbl. s Bomwl, umelomes
cBOGOIHYIO TNOBEPXHOCTb., BEJHYHHA TOBEPXHOCTHOTO HATSXKEHHS IpH
temnepatype 20°C, oOTHeceHHAass K eIHHMIE JJHHH TNOBEPXHOCTH
}KHIKOCTH, cocTaBaser npubnusurenbno 0,0725 w/m, B Tex ke ycio-
BuaAX Jas pry™d — 0,564 n/m. Tax Kak BeJIMYMHBI TOBEPXHOCTHOTO
HATSIKEHHs! OYeHb MaJibl, HMH OOLIYHO NpeHeGperaor.

Takum 06pasoM, BCJIEACTBHE TOTO, YTO CHJIBI CLEMJIEHHsI B Ka-
neJbHBIX XKHJIKOCTSX BeCbMa MaJjbl, KaneJbHble XXHAKOCTH NpPaKTHYe-
CKHM HE CONPOTHBJSIOTCS PAaCTATHBAIOUIUM YCHJHUSM.

Cuabl BHyTpeHHEro TpeHus (CHJBbI BSI3KOCTH)

IlycTb OpH JABHMKEHHHM JKHAKOCTH OCYIIECTBJSIETCS CKOJIbXKEHHE
OJIHOTO CJIOSi ¥KHJAKOCTH 1O JAPYroMy, B De3yJ/IbTaTe 3TOrO IPOHUCXOIHT
pOLeCC, AHAJNOTMYHBIA TpeHHio. [lo3ToMy cuJbl, BO3HHKAWOWIKE NpPH
CKOJIbXKEHHH CJI0eB XHIKOCTH, HAa3blBAlOTCA CHJIAMH BHYTPEHHEro
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Tpenusi. Hajiudune BHYTPEHHEro TPEHHA B KHIAKOCTH OGYCJIOBJIHBAET
ee CBOMCTBO OKa3biBaTb CONPOTHBJIEHHE OTHOCHTENBHOMY JBHIKEHHUIO
(cmBUry) uacTHIL JKHIKOCTH, KOTOpOe HasbBaeTcs eéAsxocmoro. )Kug-

KOCTb, B KOTODOH IIPOSIBJISIETCS1 BSA3KOCTb, HAa3BIBAETCS Bf3KOM.
Bcesikoe TpeHHe COHMPOBOMKAAeTCs MOTeped SHEepPruHu, MOSTOMY I[IpH
IBHIKEHHH BSA3KHX MXHJIKOCTeH HEH30exKHO TepsieTcs 4acTb SHEPrHH,
conepxaueiica B notoke. Eme B 1687 r. HeloToH BBICKa3an rumo-
Te3y O TOM, YTO CHJIBL BHY-

U+ di / TPEHHero TpPEeHHs, BO3HHKAIO-
— e MeXIy COCEeJHHMH JBH-
ah U / KYIIUMUCS CJOSIMH 3KHIKOCTH,

> IpPSIMO TPONOPLHOHAJBHEI CKO-

POCTH OTHOCHTEJHHOTO JBUKE-

HHSl U TJIOMaJH IIOBEPXHOCTH
/J COTIPHKOCHOBEHHS, BIOJIb KO-
TOPOil COBEpILIAETCS OTHOCH-
TeJbHOE  JIBIHKEHHE, 3aBHCST
OT pojJa XHJIKOCTH U He 3aBH-

T —— CAT OT JABJIEHHS.
I'unoresa Hplorona mnoj-
Puc. 1 BepraJsiacb MHOTOKpaTHOI OMBIT-

HOH T1pOBepKe H IOJIHOCTBHIO
noATBepaAMJach. YpesBHYalHO IUEHHBIE WCCIeJOBaHUS IJs JOKasa-
TEJbCTBA 3TOH THNOTE3bl ObIIM BHIIOJHEHbl KPYMHEHIIHM PYCCKHM
yuenbiM 1npodeccopom H. I1. IMerpoeiM (1836— 1920), cosgarenem
IMJPOAHHAMHYECKOH TEOPHUH CMAasKH.

[Ipennosioxxenne o NpONOPIHOHANLHOCTH CHJI BHYTPEHHETO TpPEHHS
CKODOCTH OTHOCHTEJIbHOTO JIBMKEHHsl CONPHKACAIOUINXCS CJIOEB KHJ-
KOCTH B MaTeMaTHYeCKOH (opMe MOKeT GhITb BLIPAXKEHO CJIeJYIOLHM
o6pasom:

du
T=Su%, )
rjae T —cuna BHYTPEHHEro TpPEHHS,
du o o
an rpagHeHT CKOPOCTH, UMEIOUIHY TOJOXKHUTEJbHBIH HJH OTPpH-

HaresJbHLI 3HAK, B 3aBHCHMOCTH OT XapakTepa H3MEHEHHs
CKODOCTH MO CEyeHHIO;
du — pasHOCTb CKOpOCTeH [BHIKEHHS COCEeHHX COIpHKacalouuxcs
CJIOEB KHIKOCTH B NPEANOJIONKEHHH, UTO 3TU CJIOH SBJISIIOT-
cs1 6eCKOHEUHO TOHKHMH,
dh — paccTosiHMe MeXKJIy OCsIMH COCeIHHX cJjoeB (puc. 1)
S — nJsomajgb CONPHKACAIOMUXCS CJIOEB;
@ — KO3((HIHEHT BA3KOCTH (KO3(P(HLHEHT BHYTPEHHErO TPEHHS),
XapaKTepHU3YIOMHH BS3KOCTb KHMIKOCTH.
B pesysibTaTe BHyTpeHHero TpeHHsi B BfI3KHX KHIKOCTSX BO3-
HUKalOT KacaTeJbHble HampsiKeHUsi, KOTOpble MOTyT ObITh OlpejeJe-
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HBl IIyTeM JeJIeHHs CHJLlI BHYTpPEHHero TpeHuss 7' Ha NJomajnb Tpe-
Hua S:

T d
r=§=:[:p.d—z- HIME. (5)

Tak kKak BeJHUYMHA KacaTeJbHBIX HaANpPSIXKEHHH T Bcerja JOJ/DKHA
OBITb TOJIOXKHUTEJBHOH, TO 3HaK B QopmyJie (D) ciaefyeT NPHHHMATH
u

B 3aBHCHMOCTH OT 3HAKa IpajJHEHTa CKOPOCTH .

Korpa pnBuKeHue MXHIKOCTH IpeKpallaeTcssi H CKOPOCTH CKOJIb-
MeHUsl CTAHOBSATCS PaBHBIMH HYJIO, HCYE3a0T M CHJbl BHYTPEHHEro
tpenusi. [losToMy B xujgkocTH, Haxojsdmefics B IOKOe, CHJbI BHYT-
pPEHHEro TpeHHs H, CJeJoBaTe/bHO, KacaTejbHble HANpAXKEHUS He
N POSIBJSIOTCS.

Kospduiuest BsizKoCTH

b=z (6)

XapaxTepH3yIoWHi BA3KOCTb KaleJbHBIX JXHIKOCTeH, HasblBaeTcs AU-
HAMUYECKHM KO3(PHIHEHTOM BS3KOCTH U HMEEeT pasMepHOCTb H X
X cex/m2.

Ina tBepioro Tena, y koroporo du = 0, k03pbUIHEHT B3KOCTH
@ = o,

3a enuHHIy BSI3KOCTH OOBIYHO NPHHUMAIOT JHHY-CEKYHAY Ha
KBajpaTHBI caHTHMETp (Oun-cex/cm?), paBHyO 1 e (cm-cek) u Hasbl-
BaeMyio 1ya3oM.

Ha nmpakTtuke HauGoJee YacTO IOJb3YIOTCA HE JIHHAMHYECKHM
KO3((pHIIHEHTOM BSISKOCTH {n, 4 OTHOLIEHHEM €ro K IJIOTHOCTH XKHUJ-

KOCTH ¥ =:— M?/cex, Ha3blBaeMbIM KHHEMaTHYECKHUM KO3(hpHIHeHTOM

BSI3KOCTH.

ExuHunell M3MepeHHs KHHEMAaTHYeCKOro Ko3(h(HIHEeHTa BSI3KOCTH
ABJIeTCS CTOKC, PaBHBI v = 1 cm?/cex.

B rta6s. 4 npuBeJeHBl 3HAaYeHHs KHHEMaTHYECKOro KO3(p(pULIHEeHTa
BS3KOCTH JJis1 HEKOTOPBIX XKHJAKOCTeH, Haubojee 4acTO BCTpeyaro-
IUXCA B MHXKEHEPHOH HpPaKTHKe,

BsiskocTb KHUAKOCTEH H3MEHSETCSl C H3MEHEHHeM TeMIepaTyphl:
C TOBBLIIIEHVEM TEMIEPATYphl BA3KOCTh KalejbHbIX KUAKOCTEH OBICT-
po ymenbiuaercs. Tak, Hanpumep, AJsi BOAbl KHHEMaTHYeCKHH KO3¢-
(ULIHEeHT BSI3KOCTH yMeHbluaercs ot v = 1,78.10—¢ m?/cex mnpu f =
=0°C go v=0,28.10-% m?/cex mpu ¢ = 100°C, mast CMas30yHOro
macJga — oT v = 6,4-10—* m%/cex npu ¢ = 0°C g0 v = 0,22-10—* m%/cex
npy t=60°C u 1. A.

XapakTep H3MeHEHHs KO3((hHIHEHTa BA3KOCTH v=‘-;— IJs yIo-
MSAHYTHIX Bbllle XHJKOCTEH NpeACTaBJeH NaHHBIMH Ta6u. 5.
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Ta6anua 4
KuHemaTuueckne Ko3hdhHIUeHTH BA3KOCTH HEKOTOPHIX XHAKOCTEH

HauMmeHnoBaHHe XHUIKOCTH t, °C v, M2/cex
Bensun . . . . . e e 18 0,65-10—6
BOZa . . . i e e e e 20 1,01-10—6
Ankoroab 6esBOmHHE . . . . . . . . 18 1,33.10—6
Pryts . . . . .. e e e e e e 20 1,57.10—6
Kepocwu . . . . . . . . . . .... 18 2,5-10—6
Hedtb merkas . . . . . . . . ... 18 2,5-10—5
HedTs Tsxenas . . . . . . . . .. 18 14-10—1
Cmasouroe Macao . . . . . . . . . 20 1,72.10—4
Foumepun . . . . . . .. . L ... 20 8,7-10—4

Ta6auua b

H3smenenne KnHeMaTH4ecKoro koap@uuueHTa BA3KOCTH v
NpH M3MeHeHUM TEMIepaTypbl AJAs BOABI M CMa30uHOro Macija, m2/cex

°C 0 10 20 30 40 60 100
Boma . .| 1,78%x | 131X 101X |o0,8.10—% 066X 048x | 0.28x
x10=% | x10=6 | x10~¢ %10~ | x10=6 | x10—"
Cmasou-
HOe Ma-
cmo . |64.10—4 — 1,72 — 0,54 % 0,22 —
x10™* x10=% | x10™*

Basxocme kaneavrobix ocudxocmeri ¢ U3MEHGHHEM JABJICHHS] MeH:-
ercss. B nuanasone masbix paBaewud (no 100 am) 310 u3MeHeHue
He3HAuMTeJbHO, a MOTOMY UM B GOJIbIIMHCTBE CJydyaeB IpeHeOperarworT.
Ilpu GosplIMX K€ JaBJCHHAX H3MEHEHHe BSI3KOCTH JJI HEKOTOPBIX
KaneJbHbIX JKHIKOCTeH (HampuMep, I/ HEKOTOPHIX BHJOB Mace)
sIBJIsIeTCS1 BeCbMa 3HAYHTEJIbHBIM.

Nsmepenue Ba3dkocTu KUIZKOCTH. Ji1a nsmepeHus Bg3-
KOCTH XHIKOCTEeH IPHMEHSIOTCS CIelHaJbHbEe NPHOOPLI, Ha3bIBAEMbIe
BHCKO3UMETpaMH.

CymiecTByeT HECKOJIbKO CHCTEM BHCKO3MMETpPOB. B Hawed crpa-
HE B OCHOBHOM HCIIOJIb3YIOTCS BHCKO3MMETPHl cucTeMbl Juriepa (OCT
6275). BuckosumeTp HaHHOH cucTeMbl (pUC. 2) IpPHMeHseTCs JJIg Om-
pelleieHUsT BSI3KOCTH KaleJbHBIX KHIKOCTeH, BSA3KOCTb KOTODBIX Bbi-
me BA3KOCTH BOAbL. OH COCTOMT M3 METaJIM4eCKOro (J1aTyHHOTO) LH-
JuHApa I, umeiomero cepuyeckoe IHO € NMPHUNASHHOH K HeMy Jia-
TYHHOH UIHUJIHHADHYECKOH TpyGKOH 8. DTOT LMJHMHAD IOMEmAercs B
BOJSHYIO BaHHY 2. B orTBepcTHe /MaTyHHO! HHJIMHIPHYECKOH TpPyOKH
3 BCTaBJseTCs KOHHYeCKas MJIATHHOBas Tpy6ouxa 4, cayxawmasi 15
BBITYCKA HCCJIEyeMOii XHAKOCTH M3 unuiuuigpa I. OtsepcTue Tpy-
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6ouku 4, s3aKphrlBaeMoe CIeNHaJbHEIM CTEPXKEHbKOM, NPHHUMAETCst
paBHBIM OKOJIO 8 Mm B nuamerpe. Ilepen HadasioM ONpENEIECHHS XKHJ-
KOCTb, BSI3KOCTb KOTOPOH IOJJIEXKHT HCCJEJOBAHHIO, HAJMBAETCs B
mnaunap ! B kommuectse 200 cum®. B 310 Bpemsa OTBEpPCTHE IJIATH-
HOBOH TpPYOOUKH 4 HOJDKHO GBITH 3aKpHITO cTepxKeHbKOM. Ilpu momo-
M Ta3oBOfi rOpeskH 5 ¥ BOAZHON BaHHH 2 B UMJUHApe I NO/MKHA
HOMIEPXXUBATHCS TIOCTOSIHHAs TeMIepaTypa, KOHTPOJHMpyeMas AByMs
TEpMOMETPaMH, OJIMH M3 KOTOPHIX YCTaHaBJIMBaeTCs B BOJSIHOH BaH-
He, a jpyroii —B wnuiuagpe. Ilocae

TOro xak OyZeT IOCTHTHyTa Heo6Xo- =
ZIMMasi TEMIEPaTypa, OTKPEIBAIOT OTBEP-
cTHe TpyGoukHu 4 ¥ OmpejessioT BpeMs
OTOPOKHEHUs LMJMHApPA I, T. €. Bpe-
Ms1 Beitekanus 200 cm® uccaenyemoi
KUAKOCTH — f;. 3aTeM  OIpeJessioT
BpeMsi £, B TeYyeHHe KOTOPOrO M3 IH-
sungpa [ Boiteder 200 cm® pucTHI-
JIMPOBAaHHOH BOJBI NpHU TeMIepaType
20°C (sT0 BpeMs COCTaBJseT IpH-
Mepuo 50 cex). OrHoOmweHHe BpeMeHHU
t, U f; HasblBaeTcs rpajgycoM JHrJepa
u o6o3nauzercs yepes °E: N

%=?. @ Puc. 2
2

CrepoBaTesibHO, rpafiycoM OHTrJepa Ha3bIBaeTCsl OTHOIICHHE BpPEMEeHH
ucrevenuss 200 cm® HccaenyeMOH JKHIKOCTH KO BpPEMEHH HCTEUeHHs
TAKOro ke oObeMa JMCTHJ/UIHMPOBAHHOH BOAbl npu Temmnepatype 20° C.
s nepexosia OT BASKOCTH JKHJKOCTH, BbIPAaXKEHHOH B rpapycax OHr-
Jlepa, K KMHEMaTHYeCKOMY KO3(P(HUUUEHTY BSI3KOCTH MOXKHO MOJb30-
BaThbCsl SMIIUPHYECKOH (OpMYyJioh

v = (0.0731° £ — 25!

°E

) cm?/cex. (8y

Hakonen, sHas NJIOTHOCTb >KMIKOCTH, MOMKHO ONpENeNHTb JUHAMH-
YyeckKHil KO3(@UIHEHT BS3KOCTH, KOTOPHIH, COIJIACHO OIpeJie/eHHIo
KHHEMaTHYeCKOro KO3(hHIMEeHTa BSI3KOCTH, paBeH

o= vp.
§ 2. NOHATHE 06 HAEAJIbLHOW )XUIKOCTH

Ilpy paccMOTpEHHH OCHOBHHIX (DH3MYECKHX CBOMCTB KameJbHBIX
KHUJAKOCTEH OBLJIO yCTAaHOBJIEHO, YTO JKHJIKOCTH, CYVIIECTBYIOIHE B
NpHpPOJe, WJH, KaK HX OOBIYHO HasblBAIOT, «peasibHble» KU JIKOCTH, 06~
JIaJlal0T TPAKTHYECKH MOCTOSHHOH INJIOTHOCTBIO, a TaKXke XapaKTepH-
8YIOTCSI Ha/JMYHEeM OUYEHb MaJblX CHJI CIEMJIeHHS MEXAY OTAeJbHBIMH
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yacTHIaMH. OTH (U3UYECKHe CBOMCTBA peasibHBIX KamleJbHBIX MKUIKO-
CTE€H MO3BOJIMJIM BBECTH B THAPABJHKY MOHSITHE <«HAEAJbHOH», HJIH
«COBEpIIEHHOH» KHJIKOCTH, YTO HPOM3BEJEHO C LeJbIO OGJIerdyeHus
pelleHdsi MHOTUX 3afay MU Npo6JeM TIHAPOMEXaHUKH H NPaKTHUECKOH
WHKEHEePHOH TH]PaBJIUKH.

Hrak, «upeanpHOH», MJIH «COBEPLIEHHOI» KHUIAKOCTHIO HA3bIBAETCS
Takas YCJIOBHas XHJIKOCTb, KOTOpAas CYHTAETCS COBEPLUCHHO HECIKH-
MaeMOH M Hepacmupsoueiicsi, o6/1afaer aGCOMOTHOR MOJBUK HOCTbIO
YacTHMIL ¥ B HEHl OTCYTCTBYIOT CHJIBI BHYTDEHHEro TpeHUs (T. €. CHJIBI
BSI3KOCTH PaBHEI HYJIO).

CoBepLIeHHO OYeBHJHO, 4YTO, MpeHedperas CXKXHUMaeMOCTbIO M pac-
[IUPSEMOCTBIO JKUAKOCTH, a TaKXKe CHJaMH CUENJIeHHs U CHJaMd
BHYTPEHHEro TpeHHs, MBI 3HAUUTEJbHO oO6JeryaeM pelleHHe MHOTHX
3a7a4y. Bo MHOrMx ciydasx yueT BCeX ITHX (DAKTODOB He IO3BOJIHJI
6pl BOOOWIE NOJIYYUTb HMKAKUX peuleHUHl B KoHeuHoM Buue. [lostomy
HCMO/b30BAHHE IOHATHA 00 HJeaJbHOH KHJKOCTH 0Ka3aJoch BechbMa
TNOJIE3HBIM M NPaKTHYHBIM.

PaccmatpuBasi BMeCTO peaJibHOH KHAKOCTH MJ€aJbHYIO, MBI B psi-
Je cjaydaeB He JejiaeM OueHb OGoJbmiof owunOkd. Ecau uaeanbHas
JKHJKOCTb CUHTaeTcs abCOJIIOTHO HeCXKHUMaeMOH M HepacLuHpsiouieics,
TO ¥ B peasibHbIX XKUAKOCTSIX MBI HaO/0JaeM NPaKTHUYECKH IOCTOSIH-
Hble O0BEMbl U IJIOTHOCTH. Ec/M B HJeaNbHOM JKHAKOCTH YacTHILL ee
CYUHTAIOTCS a6COMIOTHO MOJABHIKHBEIMU, TO M B peaJsIbHBIX OHH SIBJISIIOT-
csl OYeHb MOABMXHEIMH. CJief0BaTeIbHO, TOJBKO NpeHeOpe:KkeHHe Bsiz-
KOCTBIO KHJIKOCTeH (CHJIaMH BHYTDEHHEro TpeHHs) MOXKeT XaTh foJsee
HJIH MeHee CYyMeCTBEHHOE pacXOXKJeHHe B MOJyYaeMblX pe3yJbTaTax
¢ JeficTBUTENbHBIMH ycJjoBusMH . Ho 3nech Ha momomip DPUXOAUT Ja-
6opaTopHOE 3KCIEpHMEHTHpOBaHHE, a Takxe HaO/MIOJeHHS B HaType,
IpH NOMOLIM KOTOPHIX MOXKHO Y4YeCTb M YCTPaHHTb HETOYHOCTH, He-
H36eXKHO BO3HHUKAIOIIHEe B pe3yJibTaTe PacCMOTpPEHMS JIBHMKEHHS HJe-
aJIbHOH KHMIKOCTH BMECTO peaJsIbHOH.

Taxum oGpasoM, NOHSATHE HJeaJbHOH KHAKOCTH JaeT 0co6o ToY-
Hble pesyJbTaTbl B TeX CJy4asiX, KOTJa OHO NpHUMeHsieTCs IIpH pe-
IeHUH 3ajau JJis JXKHAKOCTH, HaxXOAsdIledcs B MOKOe, T. €. B THA-
poCTaTHKe.

§ 3. POJIb THAPABJIHYECKOIr0 3KCNEPUMEHTA
B PELIEHUM PA3JIMYHbIX NMPOBJIEM HH)XEHEPHON T'HIPABJIMKHU

uppaBiayka siBysieTcst HayKOH, rje JabopaTOpHBIe SKCIEPHMEHTHI,
a TakxKe HaO/IOJEHHS] 32 PA3JUUHBIMH T'HJADAaBJHYECKHMH sIBJEHHSIMHI
B HaType HIpaloT HCKJIOUHTENBbHO 6OJbIyl0 posb. bes mmupoko mo-
CTaBJICHHOrO J1a6OpPaTOPHOro ONbITa THJpaBJHMKa He cMorsa Gel  Jo-
CTHT'HYTb CBOEro COBpeMeHHOro pasBUTHs. OOBACHSETCS 3TO CJIOXK-
HOCTBIO MHOIMX THADAaBJHYECKUX SIBJIEHHI, KOTOphle MPHXOIUTCS pac-
CMaTpuBaTh U H3yyaTb NpH pelIeHHH psfa BaXKHBIX HHMKEHEPHBIX
npo6JieM, ¥ HeoGXOZHUMOCTBIO COOTBETCTBEHHOIO KOPPEKTHPOBAHHUS pe-
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8YJbTaTOB, MNOJYYaeMblX C INPHMEHEHHEM pPAas/MYHHIX YIIPOIIAIOMIUX
ponymenuil. CrefoBaTesIbHO, pPOJIb THAPABJHYECKOTO 3KCIEPUMEHTA
BecbMa 3HayMTesbHa. Hurke nepeuncssioTCsl Te€ OCHOBHBIE HalpasJie-
HHS, B KOTOpHIX B HacTosiliee BpeMsl BefyTcsl JiaGopaTOpHEE HC-
CJIelOBaHUS.

B ruppaennke, Kak yxe OblJIO CKasaHO, IIMPOKO HCIOJb3YeTCs
noHsATHe HpeanbHOH kugkocTH. COBEpIIEHHO eCTeCTBEHHO, YTO IIO-
JiyyaeMble TeopeTHUeCKHe pelleHHst OyAyT HECKOJILKO OTJHYaThCcs OT
3aBHUCHMOCTE}, KOTODHIM IOJUHHSETCS peajibHas JKHUAKOCTb, CYIIeCT-
Bylomas B 1npupoje. EjpMHCTBeHHass BO3MOXKHOCTb, II03BOJISIOIIAS
IPOBEPUTL Pe3y/bTaThl TEOPETHUYECKHX PpacyeToB, — 3TO NOCTAHOBKa
ONBITOB B THJIPaBJIMYECKOH J1ab0paToOpuM C peasibHOH XKHUAKOCTBIO HJIH
opraHusanus HaG/oJeHu# Haj JNeAcTBywmuM notokoM. CreneHb co-
OTBETCTBHSl JaGOpaTOPHEIX H TEOPETHUECKHX JAaHHBIX OyJeT ABJSTBCSH
BaXXHBIM KpHUTEpHEM JJsl OIEeHKH TOYHOCTH TEOPeTHYECKHMX pelleHHI.
Kpowme TOro, B pesyJbTaTe CONOCTABJECHHS YKa3aHHBIX J@aHHBIX BCEr-
Zia MOXHO Oyjier BHeCTH HeOOXOJMMBble KODPEKTHBbl B NOJydYaeMble
Teoperuueckue (GopMyJsl NMyTeM BBeJleHHSI B HUX ITONPABOYHBIX KO-
¢punuentoB. IlpeanoJsioxyM, HanpuMmep, YTO NyTeM NOJCYeTa IO Te-
opeTHUYecKOoil (opMyJie, BBIBEJEHHOH MJisi HMealbHOH KHIKOCTH, OII-
peneneHa HekoTopasi BeJuuHHa Ar. 3arteM, B pe3ysbTare IOCTaHOB-
KH s1a60paTOpPHOrO ONBITA JIJ1S1 YCJOBHH, B KOTOpPHIX OblNa IpHMEHEHa
3Ta dopmyJa, NoJyuyeHa Jpyras BeJHunHa A,, OTJIMYHAsh OT 3Haye-
Husl Ar. OTHoleHHe 3THX IBYX 3HaueHHil, KOTOpoe Mbl O0GO3HAUHM,
HanpuMep, yepes o, M OyJeT XapaKTepH3OBaTb CTENEHb COOTBETCTBHS
ONBLITHBIX M TEOPETHYECKUX JaHHBIX

Ao
A, = 9)

3HaueHHe A, COOTBETCTBYeT peaJbHOH KHIKOCTH, a IIOTOMy 3Ta Be-
JUYHHA ¥ JOJ/DKHa OBbITb INIPHHSATA B KayecTBe OCHOBEON. Ilostomy
Heo0x0JMMasi HaM 3aBHCHMOCTb IIOJIyYHT CJIEJyIOLlee BHIpa:KeHHe:

A, = adr, (10)

rZe NONpaBOYHBIH KOo3(h(HUHEHT o fBJSETCS BEeJUYHHOH, ompenes-
eMoil onbITHBIM myTeM. CJefoBaTesibHO, 3Has NONPABOYHBIH K03((H-
IHEeHT &, MBI MOXKEM BBECTH €ro B TEOPETHYECKYIO (popMyJy, KoTopas
Tenepb OyJneT xaBaTb BIIOJIHE TOYHBIH PE3YJIbTAaT, COOTBETCTBYIOMIMH
peaJibHOH KU JKOCTH.

OrpenpHple BONpOCH THAPOJMHAMHKH B HACTOslee BpeMs ellie He
MOT'YT OLITh pEICHBI TEOPETUYECKHM HyTeM, NO3TOMY NPUXOAUTCS MPH-
GeraTh X HaXOXKIEHHIO NPOCTEIX SMNHPHYECKHX COOTHOLIEHHH, HeoO-
XOJUMBIX JJisi HCIOJNB30BAHHA B COOTBETCTBYIOUIMX CJy4YasX HHKe-
HepHOH npakTHKH. Bce Takue nosysMmnMpHuecKHe 3aBHCHMOCTH H (pop-
MyJibl MOTYT OBITB IIOJIyYEHBl TaKXkKe TOJBKO B PE3yJibTaTe IIOCTAHOB-
KM HaJJIexalux JabopaTopHLIX HCCJEJOBaHHUH.
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BaxHyio posb Ja60paTopHBe THIPaBIHYECKHE UCCJENOBAHUS TIPHU-
obpesu 3a mociepnue 25 qer, korga B CCCP crasno passuBathest
KPYIHOE THAPOHEPreTHYeCKoe H BOJOXO3SIACTBEHHOE CTPOUTEJBCTBO.
B pesysbrate Ja60paTOPHBIX HCCJENOBAHHH MOJE/El OTHe/bHBIX 3Jie-
MEHTOB THJPO3JIEKTPOCTaHIMH (OTcachBalOMKX TPy6, BXOAHBIX 3a-
IMIUTHBIX DEIIeTOK, 3aTBOPOB, OJIOKOB TYpPOMH H T. 1.), Momeje#l Ho-
BBIX THNOB paboyMX KoJieC THApPaBJIMYeCKMX TypGHH H HAacoCoB, a
TaKXKe IeJbIX THAPOY3JIOB NPEACTaB/seICs BO3MOMXKHBIM peiliaTb MHO-
rHe sajlayd THAPABJHKH, He MOAJAIOIKecs B HaCTOfIlllee BpeMsl TOU-
HOMY TEOPETHYECKOMY pacuery.

T'aasa semopas
TAAPOCTATHKA
§ 4. TUJPOCTATUYECKOE JABJIEHHE M ErO CBOWCTBA

Korja XuAKOCTb HaXOIUTCSI B COCTOSIHHM IIOKOSl, TO B Hell He
NpoSABJSIOTCS CUJBl B3KocTH. CilefloBaTesIbHO, peasibHble KHIAKOCTH,
HaXOJsIIHeCss B NOKOe, OYAyT XapaKTepH30BaThCSl CBOACTBAMHM, OYEHb
OJU3KHMH K CBOHCTBaM HIeanbHOH xuAkocTH. ITosTomy Bce 3apaun
THAPOCTATHKH, paccMaTpHBaeMble € HCIOJIb30BaHHEM IOHATHA 00
ujieasbHON KXHAKOCTH, PeIlaoTcsl ¢ GOJBIIOH TOYHOCTBIO.

Ilokosimasicsi XKUAKOCTb TOABEPXKEHA JEHCTBHIO IBYX KaTeropHi
BHEIIHMX CHJI: MacCOBBIX W TOBEPXHOCTHBIX. MacCOBLIMH SIBJSIIOTCS
CHJIBI, OPONOPIYOHA/NbHBIE Macce KHUAKOCTH: CHJIBL TSMKECTH, @ TaKkKe
cuibl uHepuuu. Ilocnennune IefiCTByIOT, HampHMep, B TOM CJydae,
KOTJla XHIKOCTb HaXOAUTCSI B OTHOCHTeJbHOM IIOKoe, OynydH MoMe-
IieHa, HampuMep, B JBHMIKYILyIOCH HYCTepHY U T. 1. [loBepXHOCTHBIE
CHJIBl — 3TO CHJIBI, JeHCTBYIOIME Ha TIOBEPXHOCTH HCCJELyeMBIX
00BeMOB JKHMAKOCTH, HalpHMep, CHJIa [aBJEHHS NOPHIHS Ha IOBEpPX-
HOCTb JKHJAKOCTH. B pesy/ibraTe JeHCTBHS BHEIIHHX CHJ1 BHYTPH
JKHAKOCTH BO3SHHKAIOT HaNpsKEeHHsl, H3MepsieMble B HBIOTOHaX Ha
KBajpaTHbIi MeTp (k/m%), u T. A. CkuMawllee HaNpsiKeHHE, BO3HH-
Kaiolllee BHYTPH INOKOSIIeHCs KUJAKOCTH, Has3bIBaeTCs T'HIpPOCTATH-
YeCKHMM JaBJIeHHeM HJH HalpsKeHHeM HJIPOCTATHYECKOTO HIaBJEHHS.

YCTaHOBMM OCHOBHbIE INOJIOMKEHHS, CBSI3aHHBLIE C MOHSITIIEM T'HIPO-
CTaTUYeCKOro JaB/eHHsA. PaccMOTpHM HEKOTOpBIH 06BEM KHIKOrO
TeJia, HaXOAMILlerocssi B paBHOBecHH (puc. 3).

Pasnenum nJockoctelo AB  naHHBII O0BEM KHAKOCTH Ha JBe
vacTH. )KHJIKOCTb, 3akKJ/iOdeHHass B uacTd | wuccjiejyeMoro o6bema,
OyZeT Bo3jeHcTBOBaTb Ha uyacTb Il mo msockoctu pasgena AB.
OGosnaunm muomafb NJIOCKOCTH pasjesa yepe3 o (puc. 3), MbIC/EH-
HO oTOpocuB BepxHi0l0 I wacth. Tornma nisi coxpaneHHsi paBHOBeCHsI
ocTaBlIelicss HHMXKHeH YacTH 3aMeHHM BO3JeHCTBHe Ha Hee OTGpo-
[IeHHO# BepXHeH 4acTH CcHJOH P, HasbiBaeMOH CHJIOH THjpocTaTHye-
CKOTO JiaBJIeHHsi, NEHCTBYIOMIEro Ha IJIOMAlb o.
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PasnennB CHJly THAPOCTATHUYECKOro JIapBJICHUSA P mna BEeJNYUHY
momagy o, NOoJdy4YuM cpefHee THAPOCTATHYECKOe JaBJjeHue

P
Pep =5 - (11)

BosbmeM Ha nsockoctH AB mpousBosbHYI0 TOUKy C M BBHIIEJIHM
OKOJIO Hee Mauylo miomanky de (puc. 3). Ha a1y nuomanky Gyzer
NPUXOAMTbCS HeKoTopas cuiaa AP.
Ecau MBl OyzeM yMeHbLIaTb IJIOMIAIKY
de TakuM o0pasoM, uTOObl OHa CTpe-

a/wB

w A
Puc. 3 Puc. 4

MHJaChb K HyJIO, TO MOJYy4YHM INIpelie/] OTHOIIEHHSI CHJIbI AP x mno-
mazke do, Ha3bBaeMbIH THAPOCTATHYECKHM JaBJICHHEM B JaHHOMH

Touke C.
. AP

do—0

Kaxk yxe paHee ykasblBaJOCh, THJPOCTaTHUYECKOe HABJIEHHE HMeer
pPasMepHOCTh HaNpsKeHHsa — H/mZ.

CaoiicTBa ruppocTaTHueckoro jgasieHus. IlepBoe cBolicTBO:
THAPOCTATHYECKOE JaBJIEHHE HANpaB/eHO Bcerjga IO BHYTpPeHHeH
HOpMaJii K IJIOLIaJiKe, Ha KOTOpPYIO 3TO JHaBjeHue jAeficTByeT. JloKa-
3bIBAETCSl OHO METOJOM OT HpOoTHBHOre. bynem paccmarpuBaTh He-
KOTOpBIl 00beM MKUAKOCTH, HAXOISIIUHCH B paBHOBecHH (puc. 4).
Pazpenum 3TOT 00BEM NpPOU3BOJLHOH MOBepXHOCTBIO S — S Ha ABe
gactd. Ha noBepxuoctu pasnena BosbMeM Touky A. Ilpexmonoxum,
4TO CHJIa THAPOCTATHYECKOrO AAaBJIeHHUS, IIPUJICXKEHHass B 3TOH Tou-
Ke, HalpasJ/ieHa He II0 HOpMaJIH X IJIOIaiKe, Ha KOTOPOH pacroJioxeHa
Touka A. Torzma cuja THAPOCTAaTHYECKOro AaBJjeHHs P mMorsa Obl
ObITh passioXeHa Ha JiBe COCTaBJ/sONIMe: Ha HOpMaJbHyO P, U Ka-
cateabHylo P, K moBepxHoctH S —S. Ho, Kak H3BeCTHO, XHIKOCTb
He MOXKeT COIIPOTHUBJSATBECS KacaTeJbHBIM ycuiusM. [loatomy, ecsd
Gbl MOTJIa CyLIECTBOBAaTb KacaTeJbHas COCTaBJSAIONMAS CHJBI THAPO-
CTaTHYeCKOro JaBJIeHHS P, TO 4YaCTHIBl KHAKOCTH BbILJIH Obl H3
pPaBHOBECHd, T. €. HapywuJoch Gbl OCHOBHOE YCJIOBHE O PaBHOBECHH
®unkoctd., CjieoBaTesNbHO, Hallle MpPeANosIOXKeHHe fBJSeTCS Hempa-
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BUJIbHBIM, @ TIOTOMY €JHHCTBEHHO BO3MOXKHBIM HalpaBjieHHeM CHJIBI
THAPOCTATHYECKOrO JaBJIeHHS SIBJISIETCS HalpaBJieHHe, HOpMaJjibHOe K
nJouiaake,

JlokaxeM Tenepp, 4TO CHJa THAPOCTATHUECKOrO AABJEHHSI MOKET
6LITh HampaBJleHa TOJBKO IO BHYTpeHHeil HopMaiu. Ilpexnosioxum,
YTO CHJIa THAPOCTATHUECKOTO JaBJEeHHs HalpaBjeHa IO BHelIHeH
HOpMaJI¥, Kak 5TO, HanpuMep, NMokKasaHO Ha puc. 4 B Touke B. Tak

Puc. 5

KaK B HJeaJbHOH XHAKOCTH He MOXKeT CyLIeCTBOBaTh pacTATHBAIO-
MUX YCHJIHH, TO NPH HaNpaBJeHUH CHJIBI THAPOCTATHUECKOrO AaB-
JIeHHs1 TI0 BHeIIHeH HOpMaJH YaCTHIBl XKHJAKOCTH MpHILIX GH B
JBHIKEHHe, YTO ONATh MPOTHBOPEUUT YCJOBHIO O paBHOBecuH. CiieJjoBa-
TeJIbHO, €JHHCTBEHHO BO3MOXKHBIM HallpaBJIeHHeM CHJBl THAPOCTaTH-
YeCKOro IaBJeHUs fBJSieTCS HalpapJeHHe N0 BHYTPeHHe#l HOpMaJiH.
Takum o6pasoM, CHJBI THIPOCTATHYECKOTO JaBJeHHs, OyAy4YH Bcerza
HanpaB/eHbl BHYTDPb XKHAKOCTH, SIBJSIOTCS CHJIAMH CIKHMMAIOLLHMH.

BTopoe cBolicTBO: ruapocTaTHyecKoe JnaBjeHHe B J000f
TOYKe KHIKOCTH IO BCEM HampaBJIeHHSM OJWHAKOBO. DTO CBOHCTBO
MoxeT OBIThb JOKa3aHO CJEAYIOHMM o0pa3oM: B KHJKOCTH, HaXOns-
mefics B PaBHOBECHH, BLIZENUM OKOJIO TOUKH A (puc. 5) 6eCKOHEUHO
MaJlyio NSITHTPAaHHYIO IIPU3My ¢ GECKOHEYHO MaJibIMH CTOpOHami dx,
dy, dz u dn. PaccMOTpUM yCJIOBHSI paBHOBeCHsi 3TOH IIPH3MbI, Ha-
Xojamencs noj JAeHCTBHEM BHEIIHHX CHJL.

BremHMME cHJIaMH 3]iech SIBJSIOTCS HOPMaJsbHBEIE CHJIBI THAPOCTA-

THYeCKoro nasJsieHust P,, P, Py P, u P,, neiicTBylomye Ha NATh
cropon npusme: ABCD, ABF DCE, ADEF w BCEF, u oGbeMHBE
cuabl Q, mMponopuHOHAJbHBIE Macce (cma TSAXKECTH, ueHTpo6e}mee
CHJIBI).
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CnezlyeT 3aMeTUTb, YTO CHJIBI THJAPOCTATHYECKOI'O JaBJIEHHA Py
)44 P'y, paBHBIE IO BEJHYKHE U IIPOTHBOIOJOXKHLIE IO HalpaBJ€HUIO,

B3aUMHO YpaBHOBEIIMBAIOTCHA, & MOTOMY HaMH He GyAyT NpHMHIMATb-
ca Bo BHuMMarue. ONpenenyuM CHUJB THAPOCTATHYECKOTrO AaBJjeHHs P,
P, u P,

OGosHauuM uepe3 py, p: U pn CPELHHE IHIPOCTAaTHYECKUE JaBJjie-
HHsl, JIeHCTByIOmVEe Ha KaXAyI0 M3 pPacCMaTpPHBaeMBLIX CTOPOH HPH3MbI
B HalpaBJeHHH Ocell X, z M HOpMaJH r K myomanke BCEF. Buay
Geckoneunoil Majoctu miomanok ABCD, ADEF u BCEF cpennue
THIPOCTAaTHUECKNE JABJEHHS Dy, Pz U pn SBJSIOTCS OIHOBPEMEHHO
H THAPOCTATHYECKHMH JaBJEHUSMH B JIO6OH TOUKe YKasaHHBIX IIJIO-
manok. Torjga cuiel ruapocratuueckoro jaaejenuss Py, P, u P,
MOr'yT GHITh BBHIPaXK€HB! CJIELYIOIIUM 0Gpa3oM:

P, = p,dydz; P,= p,dxdy, P,= p,dydn.

Omnpezennm obbeMHble cuibl. O603HauuM uepe3 dg Bce OGHEMHEIE
CHJIBI, OTHeCEHHHE K eIuHHIe Macchl. Torja oOBEMHBIE CHJIBI, JAeH-
CTBHIO KOTOPHIX NOJBEpXKEHA HCCJefyeMasi NIPH3Ma KUAKOCTH, GYAyT
paBusl dQ = Mdgq, rne M — macca npusMel. Tak Kak o6beM IPH3MBL

1
BhIpaxKaeTcs 3aBucumocThbio dW = 5 dxdydz, a TIOTHOCTb XKHUAKOCTH

o603HauaeTcsl yepe3 p, TO OKOHUaTeJbHOe BhbIpaKeHHe JJisi OOBEMHBIX
CHJI, JeHCTBYIOIIMX Ha BBIIEJEHHYIO NPU3MY KHAKOCTH, GyleT

dQ =  dxdydzpg.

ComnocraBngs 06'beMHBIE CHJIBI C CHIaMH THIPOCTaTHUECKOTO AaB-
JIeHUsl, IPUXOJUM K BHIBOAY O TOM, YTO OGBEMHBIE CHJHI SBJAAIOTCA
GeCKOHEYHO MaJsibIMH BEJHYHHAMHM BBICIIEro NMOpsAKa (TPEThero) Imo
CPaBHEHHIO C CHJIaMH THIAPOCTATHUECKOTO NaBJIEHHS, SBJSIOLIMMHUCS
BeJIMYHHAMH BTOPOTO MOPsiAKa MaaocTu. [103ToMy B yclI0BHSX Hallle-
o ciyuyasi 0O6beMHBIMH CHIAMH MOXKHO IpeHe6peyb.

Has toro yto6nl npusma ABCDEF maxomunach B PaBHOBECHH,
CyMMa NpoeKUHH Ha JI00YI0 OCh BCEX CHJI, AEHCTBYIOIUX Ha NPU3MY,
JonxHa GbiTh paBHa Hysio. COCTaBUM YCJOBHSI DaBHOBECHs HCCJe-
JyeMO# HaMH NPHU3MBI OTHOCHTEJNLHO KOODAMHATHHIX ocell ¥ U 2. [las
STOr'O NPOEKTHPYeM Ha 5TH OCH Bce AeHcTBymUlHe CHJbl. Tak Kak
CUJIbl THAPOCTaTHUYECKOTO HaBjeHHss P, u P, Oyaiyuu mapaJiiejbHbI
COOTBETCTBYIOIIHUM OCSIM KOOPIHHAT CIHPOEKTHPYIOTCS B HaTypaJb-
HYIO BEeJIMYHHY, YKa3aHHble YCJOBHS PaBHOBECHS B aHAJHTHUECKOM
¢opme MOryT GOBITH NpPEACTABJEHH CJeAYIOLIHM OGpasoM:

P,—P,cosa =0
x n }’ (13)

Pz—PnSiﬂtZ:O
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rIe & — yroJ MexXJy HanpaBjieHHeM CHJB P, W OChIO X, HJH
pxdydx — ppdydn cos a = 0

pzdxdy — padydn sina = 0 } ) (14)
Tax xak oueBHaHO, YTO (pHC. D)

dz =dncosa, a dx = dnsina,

TO
pxdydz — pndydz = 0
pdxdy — padxdy =0 |’
TN
Px— Pn =
Pz—pPn = } ’ (15)

4TO NPUBOAHUT K CJIEAYIOWIEMY OKOHHYATEJbHOMY paBEHCTBY:

Px = Pn U Pz = Ppn,
HJau

Px = Pz = Pn.

CJIe].lOBaTEJIbHO, rupocTaTHYeCKOEe JaBJieHHE B Hcc.nenyeMoﬁ Touke A
10 BCEM HAIIpaBJICHHsSM OJAHWHAKOBO, IOCKOJIbKY HAlpaBJEHHE 7 6bLJIO
B34TO HaMH NPOU3BOJIBHO.

§ 5. AUPPEPEHUHAJIbHBIE YPABHEHHS PABHOBECHSI J>XHUAKOCTH
(YPABHEHHS 3UJIEPA)

PaccmoTpuM paBHOBecHe XUAKOCTH. JljIs 3TOro B IpOCTPaHCTBE
HCcJeyeMOH KHIKOCTH BBIOMpaeM CHCTEMY KOODAHUHAaTHBIX Ocel X,
Y, 2 ¢ ueHTpoM B Toyke O M (PUKCHpyeM NPOH3BOJbHYIO TOuky A
C KOOpAMHATaMH X, Yy, z (puc. 6). 3aTeM OKOJO TOYKH A BblAENHM
0eCKOHEYHO MaJbli mapaJsnenenunes 1—2—3—4—5—6—7—8 c Gec-
KOHeYHO MaJIbIMH CTOpOHamH dx, dy u dz Tax, 49To0bl TOukKa A Ha-
XOAHJaChb B IEHTpe 3TOro napaJJjeJenunena. [ uapocraTHueckoe
JaBJeHue, BO3HHKammee B Toyke A moj HAeficTBUeM BHEIIHUX CHJI,
o603HauuM vepe3 p. DBeieneHHBIl napaJsuienenunell, HaxOAAMMACS
noj fAeHCTBHeM BHEIIHHX CHJI, OyZeT B paBHOBeCHH B TOM CJydae,
ecJM cyMMa NpOeKuHH Bcex AeHCTBYIOIMIMX CHJ Ha JHOOYIO M3 KOOD-
JUHATHLEIX Ocell OyJeT paBHa HYJIO.

YcTaHOBUM BHELIHHE CHJIB, AEHCTBYIOIINE Ha MCCJe[yeMblil HaMH
JKUJIKHH [apaJjesenunel. DBHeIIHMMH cHJaMM  3eCh  ABJAIOTCS:
1) oGbemHble CcHJBI, DpPONOpIHOHAJBHEIE Macce mNapaJuiesielnunesna;
2) cuJBl THAPOCTAaTHYECKOro JaBJIeHHs, AeHCTByOIlMe Ha TpaHH Ma-
paJiniesieniunesia co CTOPOHBI OKpY:KalomeH XKHAKOCTH.
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OGosnauum uyepe3 X, Y M Z NpOeKUHHM BCeX MacCCOBBIX CHJ (CH-
Jla TSXKECTH W CHJIbl HHEepPLUH), OTHeCeHHble K eAMHMIle MacChl Ha
KOOpJAWHATHBEIE OCH X, y, 2. Torma mpoekuuss OOBeMHBIX cual dQ, Ha
ocp x OylneT paBHa

dQ, = XdM,
rie
dM = dxdydzp.
CiienoBaTeJbHO,
dQ, = Xdxdydzp.

AHaJOTMYHBIM TyTEeM ONpPEeAEeNsOTCS MpPOeKIHH MAaCcCOBEIX CHJ Ha
OCH y H z:

dQ, = Ydxdydzp u dQ. = Zdxdydzp.

Ilepexonum K yCTaHOBJIEHHIO CHMJI THAPOCTaTHYECKOTO JaBJEeHHS,
JefiCTBYIOIMX Ha IpaHM NapaJsJesenunefa. PaccMoTpuM cuibl, jeii-
CTByIOLIME Ha BepTHKaJsbHble rpand 1—2—3—4 u 5—6—7—8. Co-
IJlaCHO TIEPBOMY CBOHCTBY THAPOCTATHYECKOTO JaBJIEHHS, STH CHJIBL
I efiCTBYIOT HOpMaJIbHO K yKa3aHHBIM IJIOMIAfKaM, T. €. HallpaBJeHbl
BIoJIb ocH x. [lpoBenem yepes Touky A ropusoHTaspRy0O JHHMIO BC,
KOTOpas IepecedyeT I'paHb NapaJgejenuneia 1—2—3—4 B Touke B,
a rpaib 5—6—7—8 — B Touke C. ['MapocTaTHueckoe jaBjieHHE B
Touke B MbB 0GO3HaumM 4Yepes pp, a B Touke C —uyepes pc.
Taxk kaxk B XKMAKOH cpefle T'MAPOCTAaTHYECKOE JaBJIeHHe H3MeHsieTcs
HeNpepbIBHO 110 JIHHEHHOMY 3aKOHY, THIPOCTaTHYeCKHe [aBJIeHUs B
Toukax B u C OyayT BbIpaxaTbCsl 3aBHCHMOCTSAMH

PB=p— %"g—f
H
pc=p-+ %?,—z ,
rZe JacTHas INPOH3BOAHAS g—)’: Ha3blBaeTCsl TpajUeHTOM THIPOCTaTH-

yecKoro jasJgenusi. Ilgomanku 1—2—3—4 u 5—6—7—8 sBasorcs
GECKOHEYHO MaJIbIMH, [O3TOMY THAPOCTAaTHYECKHE [aBJeHHS B TOYKAX
B w C Moryr paccMaTpuBaThCS KaK CpeJHHE THAPOCTaTHYECKHE
IaBJeHust Jjs 3TuX momianok. Ci/enoBaTelbHO, MOXKHO YCTaHOBHMTh
BeJIMYMHBl CHJI THAPOCTATHUECKOrO JaBJIEHHsl Ha paccMaTpuBaeMble
njomanku Pyg u P (puc. 6):

P.p = (. l—-2—3—4)p3=dydx(p—

(16)
Pec=(mn 5—6—7—8)pg= dydz(p +



CocTaBuUM ypaBHEHHe DABHOBECHsS HCCJELYEMOTO HaMH JXHIKOrO
napannenenunega 1—2—3-—4—5—6—7—8 OTHOCHUTENBHO OCH X.
ITpoeKTHPYs Ha OChb X Bce BHEIIHHE CHJIB, JEHCTBYIOIME HA Napal-
JieJIenunel, noJyyaem

Pyg—Pyc +dQ, =0. a7
z \ 8
|
B 5 _ 51:‘__,_ 4_'7 c a P A
//2)-_d 1/°
1 - dr 9 d‘l/
0 Z

3

Puc. 6

3lech CHJBI FMAPOCTaTHYECKOro JaBjeHust Pyp U Pyc, OyayuH HOp-
MaJbHBIMH K rpaHsM 1—2—3—4 u 5—6—7—8, cnpoekTHpyo1cs
Ha ocb X B HaTypaJbHylO BequuHHYy. IIpoekuHH e Bcex ocTasbHBIX
CHJI THAPOCTAaTHYECKOro JaBjieHHs, AEHCTBYIOLIMX Ha Jpyrue rpani,
OyAyT paBHBl HyJ/IO, a MOTOMY B ypaBHeHue (17) He Bohayr. ¥ pas-
Henue (17) MOXKHO mepenucarb CJEAYIOIHUM 00pa3oM:

10 10
dydz ( -5 (% dx) — dydz (p +5 £ dx) + Xdxdydzp = 0.
Ilocsie HecsOKHBIX NpeoGpa3oBaHHH MOJYYHM
— g—f dxdydz 4+ Xdxdydzp = 0.
OxoHuaTeJbHO

0
—P X =0. (18)

AHajiorHYHBIM TyTEM MOXKHO COCTaBHTb ypaBHEHHMS] paBHOBECHSI OT-
HOCHTEJIBHO OCell y U 2.

7] ’
_(.,_;”ery:o; (18")
—2L+pz=0. (18"
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INonyuennsle ypasnenus (18), (18”) u (18") saBasrorca auddepenu-
aJIbHBIMH yPaBHEHHSIMH PaBHOBECHS XKHUJAKOCTH (Dityiepa):

op .
—a—x‘l-PX—
0
—a—y’?+pY=0>. (19)

Jlisg  panbHefiiuero MccJeIOBaHHsI TPOH3BeNeM npeoGpasoBaHHe
cHucTeMbl gu(pepeHiaibHEIX ypaBHeHHH (19). YMHOXHB Kaxkjoe U3
ypasaenuit (19) coorBercTBeHHO Ha dx, dy W dz, MoJayuuM:

0
— P dx 4 pXdx =0

1
—g_;’dy+dey=0 1 (19
op . ‘
— e +p2dz =0 |
Ciio:xuM aTy CHCTeMy ypaBHeHHH:
% dx+ 2 2 dy + %2 % 4z = p(Xdx + Ydy + Zdz). (20)

Tak kax rugpocTatHyeckoe JaBJieHHe sABJsgeTCS (yHKIHEHd TOJbKO
KOOpJAMHAT TOYKH p = f(x, y, 2), TO JieBas YacTb YypaBHEHHS INpef-
CTaBJsieT COOOH NOJIHBIA nuq)g’pepeﬂuua.n JaBJIeHHs

dp =2 dx—l—ap dy + 2 dz. @1)
CJ1e0BaTeJbHO,
dp = p(Xdx 4+ Ydy + Z dz). (22)

Tak Kak IJOTHOCTb paccMaTpHBAeMOH HaMM XXHIKOCTH p SBJseTCS
IIOCTOSIHHOH, TO ypaBHeHHe (22) MOXKeT HMeTb CMBICJ TOJbKO B TOM
cJiyyae, ecJsl IpaBasl 4acTb 3TOrO yYpaBHEHHS TaKiKe SBJsSETcs IOoJ-
HbIM Auddepennnanom. s 3Toro Heo6XOAHMO, YTOOBI CYIIECTBOBA-
Ja takas ¢yHkuMs U =f(x, y, 2), yacTHble NPOH3BOLHbIE KOTOPOH
no x, y, 2 Gblid OBl paBHBL:

U v ou

(?T.—X, @—YHC,—’—Z——-Z. (23)
Takas (pyHK].U/Iﬂ Ha3bIBAECTCSI HOTeHuHaﬂbHOI“’I, HJIH CHJIOBOi"I, a CHJIBI,
KOTOphbIE 3TOH q)yHKU.HeI';I BbIpaxaroTcsa, — CHJIaMH, HMEIOIIUMH I10-
TeHUHaJa.

CJIe,ILOBaTeJIbHO, KHAKOCTb MOXKET HaxOJUTBCA B pABHOBECHH
TOJIBKO TOrja, Korjaa CHCTeMa MaCCOBBIX CHJI, ﬂeﬁCTByIOHIHX Ha Hee,
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6yILET uMeTb noteHuuas. W3 mexaHwkW H3BECTHEI MHOTHE CHJIBI,
HMeIole MOTEHIHaJ; HauboJiblllee 3HAYEHHE U3 HHUX HMEIOT CHJIBI
TAXKECTH H CUJIBI UHEDPILHH.

§ 6. OCHOBHOE YPABHEHME T'UJAPOCTATHKH

Ina pemenns psja NpakTHYeCKHMX 3ajay IMepemuuieM Auddepen-
IMaJbHBle ypaBHeHHs1 Diiiepa B Takoit ¢opwme:

oU ou oUu
dp=p(a-dx+@dy+a_zdz), nan dp = pdU. (24)

OTO MOXKHO cesaTb Ha OCHOBAaHHM YCTAHOBJEHHBIX BBHIMIE 3aBUCH-
Mmoctedl (22) u (23).
IIpounterpupoBaB ypaBHeHue (24), moJyyaem
p=r¢U+C, (25)

rie C — MOCTOsSIHHASI MHTEr PHUpPOBAaHMS.

3aBUCHMOCTb (25) 1MO3BOJISET ONpefeNsTh THAPOCTATHYECKOE AAB-
JIEHHE B DPa3/IMUHBLIX TOYKAX KHUAKOCTH, HaXOAsMmEHCS B PaBHOBECHH
noJ JefiCTBHEM MaCCOBBIX CHJI, NPOEKIHH KOTOPbIX Ha KOOpPAHHATHBIE
ocv paBubl X, Y, Z. 3pecb cJjeiyer HaNOMHHTb, YTO YKa3aHHBIE
npoekuHH MaccoBeix cui, X, Y, Z oTHeceHH K €IUHHIIE MacCCH
U HMEIOT pPa3MepHOCTb YCKOPEHHs.

Jns HaxoxKieHWsl TOCTOSAHHOH uHHTerpupoBauuss C HeOGXOAHMO
HMeTb MOTpaHWYHBIE YCJOBHA, T. €. 3HaTh, HalpUMep, BEJIHUMHY
JaBJIeHHs p, ¥ COOTBETCTBYyIOLee eMy 3HaueHHe ¢yHRuuH U, AJs
KaKo#-HM60 TOUKH XKHuAKocTH. Torjpa

po = pU, +C,
OTKyJa
C = p,—oU,. (26)
INoncraeasis suauvenne C no (26) B ypaBHenue (25), mosydim

p=pU+4C=0pU+py—pUy p=po+e(U—Uy), (27)
HJn
p—po=0(U—=U,). @7)

CrezoBaTesnbHO, pacHpefieieHHe JaBJieHHss B OJHODOLHOH KHIKOCTH,
Haxofsmelics B TOKOe, TOYHO CJIeAyeT 3aKOHy H3MEHEHHs CHJIOBOH
yHKIuN,

Wrak, ¢ momompio ypaBHeHHs1 (27) MOMXKHO ONpefe/HTb THAPOCTa-
THUYeCKoe JaBJIeHHe B JOOOH TOUKe XKHUAKOCTH, €CJU JJs 3TOH TOUKHU
OGyAiyT u3BeCTHH 3HaueHHa GyHKUHM U, a Takke INOrpaHHYHBE
yeqosust (p, u U,). Ecan B3aTh psaAjL TOYEK, B KOTOPLIX THAPOCTA-
THYECKOE JaBJIEHHE OIMHAKOBO, a CJe/loBaTesNbHO, OJMHAKOBO M 3Ha-
yeHHe NOTEHIUANbHOH (cHJioBoi) GyHkuun U, U mpoBecTH uepes
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3TH TOYKH MOBEPXHOCTb, TO OHA OyNeT HasbiBATbCs IOBEPXHOCTHIO
PaBHOTO JaBJIEHHsl MJIH PABHOTO MoTeHnuasa. MHorja Takue mopepx-
HOCTH HasbIBAlOTCSl TAaKXKe NOBEDPXHOCTSIMH YpOBHS. B MaTtemaTnue-
CKOHl (hopMe TOBEPXHOCTb PABHOTO JIaBJIEHHs! MOXKeT OITb BbIpaXKeHa
3aBHCHMOCTBIO (24), B KOTOpOH cJefyeT mosoxuth dp=0, TaK Kak
B CHJIy ONpeJeJieHHsi Ha 5TOH MOBEDXHOCTH JaBjeHHe p = const.
Takum o6pasoM, ypaBHEHHE

TIOBEPXHOCTH PABHOTO [aB- z
JIEHHS] T0JIyyaeT Takoe Bhl- 1
paxenue: *73

ou oU ou = T

(28) T &
T

B kauecTBe mpHMepa MOXHO
NPHUBECTH OTKPHITYIO IOBEPX-
HOCTb JKHJKOCTH: Ha IIO- 0
BEPXHOCTH 3KHJIKOCTH JaB-
JIeHHe BO BCeX TOYKax OJIHU-

HAKOBO H paBHO artmocdep- y
HOMY.
PacemotpuM  HauGostee Pae. 7

BaXHBIH J/1s TPAKTHKH YacTHHI cJyvafi paBHOBECHS IKHIKOCTH,
Haxonslledcs oA NEeHCTBHEM TOJbKO CUA TAKECTH.

IlpeanonoxkuM, 9To KHUAKOCTb HAXOJAUTCA B 3aKPHITOM COCYIE,
Kak 3T0 NMOKasaHo Ha puc. 7. DBymem cuutaTe TakxKe, 4TOo Ha IIO-
BEPXHOCTb KHAKOCTH HEHCTBYeT M3BECTHOE HaM JaBJIEHHE p,, OTJIHY-
Hoe or atMochepHoro. Torza mnpoekunu OOGBEMHBIX CHJ (B JaHHOM
CJyyae CHJI TSI)KECTH) Ha OCH x ¥ y OyAyT paBHBI HYJIO:

ou ou
==0 _5y—_0.
[lpoexunss e CHJB TSXKECTH HAa OCb 2, OTHECEHHads K EIMHHMIE

Macchl, Oyner paBHa

TaK KaK OChb 2 HMEET HallpaBJieHHe, IIPOTHBOIOJIOXKHOE HalpaBJIeHUIO
cuasl Taxkectd. CoefoBatenibHo, Au¢depeHnanbpHOe ypaBHeHHE (24)
IJIsT pacCMaTpUBAeMOro CJydas NpHMeT CJeLyIOUMH BHJ:

dp = — pgdz, (29)
dp - 29’
v 4+ dz =0. (299

Ilonyyennoe ypaBuenue (29') spasiercss auddepeHHaNbHBIM ypaBHe-
HHEM DABHOBECHS MKHAKOCTH, Haxofsilefics moJ HAeACTBHEM TOJILKO
CHJIBL TSAXKECTH.
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B pesysabrare uHTerpHpoBaHHs ypaBHeHHS (29') HMmeeMm
p
2+ e (30)

TlorpaHuYHbEle YCJIOBHS Ha IIOBEPXHOCTH MKHJIKOCTH HAM H3BECTHBIL:
npu z =z, JAaBjenue p = p,. CJjenoBartesbHo,

%+%=c (31)

[ToncraBuM MOJy4eHHOE BBIpaXKeHNe JiJis IOCTOSIHHOI HHTErpHpoBa-
uus C B 3aBHcHMocTh (30)

p Po
24 =2+ =
g T T g
YJI OKOHYaTeJbHO
p = po + pg(2o — 2). (32)
Bo3bMeM B KHJIKOCTH IPOM3BOJIBHYIO TOYKY A ¢ KoopAuHATOH z
¥ TyOGMHO! morpy:eHuss A (puc. 7). YuutbBasi, 4to A =2, — 2, Ha

OCHOBaHMH 3aBHCUMOCTH (32) MOXKeM HanucaTb YpaBHEHHE, Hasbl-
BaeMOe OCHOBHEIM YpaBHEHHEM THAPOCTATHKH:

p = po -+ pgh. (33)

CuaiefoBaTesIbHO, abCOJMIOTHOE THApPOCTATHYECKOe JaBJeHHE p B JIFOGOH
TOYKE JKUAKOCTH PAaBHO [IaBJIEHHIO Ha CBOGOJHOH IOBEPXHOCTH, CJIO-
JKEHHOMY C BecoM cToJ/i6a XKHAKOCTH, OCHOBaHHEM KOTOPOTO SIBJSIETCS
eJIMHUIIA TJIOMIAJH, a BBICOTOH — rJyOHMHa MOrpY:KEHHUs paccMaTpH-
BaeMOH TOYKH B IKHMAKOCTD.

luapocTaTHueckoe JaBJIeHHE, BBHIpa)KaeMoe 3aBHCHMOCTBIO (33),
Ha3biBaeTcss a6CoJIOTHBIM THAPOCTATHYECKHM JaBjeHHeM. PasHocTb
MeX1y aGCOMOTHBIM THAPOCTATHYECKHM H aTMOCGepHBEIM [aBJIeHHEM
Ha3bIBaeTCsl U3OLITOYHBIM THAPOCTATHYECKUM HJH H36GLITOYHBIM MAaHO-
METPHYECKHM JiaBJIEHHEM, XapaKTEPH3YIOUM H30LITOK JaBJEHHS IO
CpPaBHEHHIO C aTMOC(hepHBIM,

Ecin o603HaunTh aGCOMIOTHOE AaBJEHHE Yepe3 pPase, @ H30BITOU-
HOE — Uepe3 pPuss, TO MOXKHO HaNHCaTb TaKoe DaBeHCTBO:

Pa6e = Par -+ Pus6s (34)

UM
Pus6 = Pade — Par- (34")
ComnocraB/isisi 3aBHCHMOCTD (34) ¢ OCHOBHHIM YypaBHEHHeM THJIpO-
CTaTHKU (33), MOXKHO YCTaHOBHTb, YTO B OTKDBITHIX COCyAax, Korjaa
Ha MOBEPXHOCTb MKHIKOCTH JeHCTByeT JaBJieHHe, DaBHoe atMmocdep-
HOMY (pPo = Par), M3OBITOUHOE J[aBJIEHHE DABHO Dy = pgh. 3HAUHT,
B JlaHHOM cJiyyae H3GBITOYHOE T'HIPOCTAaTHYeCKOe JaBJIeHHE BO3HHKA-

€T BHYTPU KHAKOCTH TOJIbKO OT Beca CToJba XHAKOCTH pgh, pacro-
JIOXEHHOrO Haj paccMaTpHBaeMod ToukoH. Ecim Ha noBepxHOCTH
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JKUJAKOCTH JaBJjieHHe GoJbllie aTMOC(l)epHOFO, HanpuMmep, Ha BeJMYHHY

Apy = po — Par,
TO M36BITOYHOE JaBJEHHE B paccMaTpUBaeMOM cJiyyae OYHET paBHO
Puss = Po - pGh — Par = Par + BPo + 81 — par = Apy + pgh.  (35)

Takum o6pasoM, 3lech H3OBITOUHOE JaBJieHHe CcO3JaeTcsl Kak 3a
cyeT Beca Crosifa KHMAKOCTH pgh, TaK M 3a CYET PasHOCTH NaBJIEHHH
Ap,. Tak Kak Ha NpaKTHKe uallle BCETO MDHXOAMTCS HMMeTb AeJo C
Y30bITOYHBIM JaBJeHHeM, TO B JaJjbHeluleM Mbl GyfeM 0603HayaTh
ero yepes p Ges uHIeKca «H130»,
a Jy1s  abCoJIIOTHOTO JaBJIeHHs
COXpaHUM HHJEKC «alcy, — —1p — - —

st ciyuasi, KOTAa XKHA- | - . /
KOCTb HAXOJHUTCH TOJbKO IO [T==23 ///
JIeUCTBHEM CHJI TAKECTH, OCHOB-
HOe YypaBHeHHe THJIPOCTATHKH
MOXeT OBITb BHIBEJEHO CJIefy- — T 4lB Nl A 4 /
IOMM 3JIEMEHTapHBIM NyTeM. |— — '

Ilpennosoxum, yto pesepByap, |— - —

uzobpaxkeHHblt Ha puc. §,3a- | — - I |

MOJHeH XKHAKOCTbIO, HaXoAd- - —-I— - -t--——
uiefica B nokoe. OKoJIO TOYKH yd p

A, morpyxeHHO# B XHJIKOCTb /
Ha rayOHHY A, BEIIEJIHUM GecKo- .
HEYHO MaJIylo TOPH30HTAJIbHYIO ‘
njomanky deo. CopoekTHpoBas
3Ty IJIOWAAKy Ha MoBepXx- Puc. 8

HOCTb JKHJAKOCTH, MBI IOJIYYUM

KHIAKMH BepTHKaJbHBIE MapaJJesenune, HUXKHHM OCHOBAHHEM KO-
TOpOro sBJsercs IJomagka do, BepXHUM —ee MpPOeKUHs, TaKxKe
paBHas do, a BePTHKAJbHBHIMH CTOPOHAMM — BePTHKa/bHbIE 06pasy-
olye, NpOXOAALIHe yepe3 KOHTYpP IIOMWAAKH dw,

Ha paccmaTpuBaemulii mnapansenenunes OyoyT HeHCTBOBaTh Cile-
Iylomue cHuasl (puc. 8):

a) Ha BepXHee OCHOBaHMe — CHJIa JaBJIEHMS Ha CBOGOAHYIO TIIO-
BepxHOCTb dP;

6) Ha HUXxKHee OCHOBAaHME — CHJIa THAPOCTATHUYEeCKOro AaBneHus dP;

B) Ha YeTHIpe BePTHKAJbHbIE CTOPOHEI-— CHJIA THAPOCTAaTHYECKOTO NaB-
JeHus dP,;

r) Ha Becb TNapaJjulesienHne] B ImeJoM —cuaa Beca dG, npuJo-
KEHHas B ero LEeHTPe TSXKeCTH.

OGosHaunM yepe3 p, CpefHee JaBjleHHE Ha CBOOOAHYIO IOBEpPX-
HOCTh JKHAKOCTH, a uepe3 p — CpPelHee THAPOCTATHYECKOE JaB-
JleHHe Ha HHXHee OCHOBaHHe mapaJJjesienunena. Tlorga MOMKHO
Hanucarb:

|
[
—
=
i
N
N
N
N\

dP, = dop, u dP = dop.
3 Vrunuye A. A, 33



BeslenctBie GecKOHeyHOH MaJIoCTH TJIOmAAKH do CpeJHHe JaBJeHHd
Po W P 31€Chb MOT'YT CUHTAaThCS TaKxke JaBJjeHMsMd B Touke. Cuua
TsKeCTH napasienenunesa dG onpeneanTest CJAeAYIOMUM 06pasoM:

dG = pgdoh.

Tak kak paccMaTpuBaeMasl >KHAKOCTb HAXOQMTC B PaBHOBECHH,
TO B paBHOBECHH JOJKeH HAaXOOUTbCS H HCCAeLyeMblil HAMH KHAKHI
napaJJenenunes. Ilostomy HanumeM ycJoBHe er0 paBHOBeCHs OTHO-
CHTe/IbHO BePTHKAJIbHOH OCH, COBNajawilefi c HanpaBJeHHEM CHJIbl
TsKecTH. B ypaBHeHHe paBHOBecHs BOHAYT TOJbKO BepTHKaJbHblEe
cunsl dPy, dP u dG:

dPy— dP +-dG =0,
HIH
dop, — dop -+ depgh = 0.
OKOHYaTeJbHO HMEEM
P = po -+ pgh. (36)

[MosnyuenHoe ypaBHeHHe (36) M siBJsieTCs OCHOBHBIM ypaBHEHHEM
THIPOCTaTHKH.

Npumep 1. Omnpefeantdh abco/OTHOE H M3OBITOYHOE JlaBJeHHE Ha
JIHO OTKpBITOrO pe3epByapa, HaloJHeHHOro Bojofi. [y6unHa Boabl B
pesepByape = 4,0 x. Ilonp3sysicb cdopmyJoit (36), mojayyaeM paec =
= p, + pgh =98 100 + 1000-9,81-4,0 = 137 344 n/m®.

3necb p, — atMocthepHoe JaBJjeHHe, AeACTByOUlee Ha CBOOOAHYIO
MOBEPXHOCTb KUAKOCTH B pe3epByape, paBHoe 98 100 #/m?; MIOTHOCTD
Bojabl p = 1000 xe/cm®. U36rirouHoe iKe jaB/eHue OyJNeT PaBHO p =
= pgh = 1000.9,81-4,0 = 39244 n/m>.

Eciu naHHblil pesepByap 3amosiHUTh OGEH3HHOM C MJIOTHOCTHIG
p =700 re/cm®, abcomoTHOe JaBjeHHe Ha JHO pe3epByapa MOJYYHT-
cs DaBHBIM

pase = Py + pgh = 98 100 4 700-9,81 -4 = 125550 w/m?,
a 130bITOYHOE THAPOCTATHYECKOE aBJieHHE
p = pgh =700-9,81-4 = 27 450 n/m?.

§ 7. 9NMIOPbl THAPOCTATHYECKOIO JABJIEHUSA

Tlpu pemeHun MHOTMX NpaKTHYeCKHX 33aJay HEOOXOAUMO CTPOHUTH
SMIOPB! THAPOCTAaTHUECKOTO JaBJeHHUsl, INpeACTaBJsiouiHe co6oil rpa-
(uyeckoe H300pakeHHe pacnpefiesieHHs THAPOCTAaTHYECKOTrO IaBJIEeHHs
No JUIMHE KOHTypa Teja, IOTPYKEHHOTO B JKHIKOCTD.

O6pamasice K OCHOBHOMY YPaBHEHHIO THAPOCTaTHKH

Pace = Py + pgh,
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yCTAHABJIMBAeM, YTO OHO fBJS€TCA ypaBHEHHEM MPAMOH JIMHUH CO
cBOGOAHLIM 4JieHOM Buia Yy = kx - b, riae cBoGomHOMYy uJieHy b co-
OTBETCTBYET JaBjeHHe, NeHCTBYIOIlee Ha MOBEPXHOCTb KUAKOCTH P,
a yrJjoBoMy Kos¢hguuuenty £ — Brhipaxenue pg. Haxkowen, mas wus-
GLITOUHOrO JaBJieHHs p = pgh Mbl HMeeM ypaBHeHHe NpAMOH, Npo-
XoJslllell yepes Hayajao KOOpAMHAT (b = p, = 0).

CuiefoBaTe/lbHO, M3MeHeHHEe TI'HIpPOCTaTHYeCKOIO IaBJjeHHs MO rJiy-
6uHe NMOJYMHsIETCS JUHEHHOMY 3akoHy. B cBsisu ¢ stum JAas 1no-
CTPOEHHsS 3MIOPLI THJpOCTa- A
THYECKOTO JaBJieHHs!, HeHcCT- 2 a——A—
BYIOLIEro Ha IVIOCKYIO (ury- _ ! __”_ 0
Py, JOCTATOYHO UMETH TONb- A -

KO IIB& TOYKH, MO KOTOPHIM .
CTpOUTCH IpsMas JIHHHS.

Paccmotpum  cayuaii no- p /A i

CTPOEHHsI 3MIOpBl aGCoOOT- J/
HOTO ¥ M30BITOYHOTrO THI- / =
pOCTATHYECKOTrO  NaBJICHHUS, g
IeHACTBYIOIEr0o Ha BepTH-
KaJbHYIO IIJIOCKYIO CTEHKY
AB (puc. 9), KoTopas noj- /23
BepKeHa HaIopy XKHAKOCTH, =P+
uMetoweil rayéuny H. Hns ;‘35 'b" 4 g
IIOCTPOERHsT 3MIOPHl THAPO- Puc. 9
CTaTHYECKOTO JaBJIEHHsI 3a :
HayaJo KOOpJAMHAT npuMeM Touky O, Tle Hepecekaercs ypOBEHb
MOBEPXHOCTH JKHMIKOCTH ¢ BepTHKajabHOH cTeHkoii AB. Ilo ropu-
30HTAJILHOH OCH, COBNAjawlell ¢ HanpasjieHHeM TI'HApocTaTHye-
CKOro paBJ/ieHHsi, 6yJeM OTKJajblBaTb B BHIGPAHHOM HaMH MaciiTabe
THAPOCTAaTHYECKHE J[aBJIEHUsl, ONpejesisieMble 3aBHCHMOCTBIO Page =
=f(h), a mo BepTHKAJbLHON OCH — CGOTBETCTBYyIOLIME  IJIyGHHEI
®upkocTH A. IlepByio TOUKy BO3bMeM y NOBEPXHOCTH KHIKOCTH,
rae h =0 U pasc = py, @ BTOPYIO —y JHA, TIE€ Pase = Po -+ pgH.
ITonyyeHHble TOUKH COEJIMHHUM NpsIMOH JMHHeH. B pesysabtaTe mosy-
YUM SMIOPY @ COJIOTHOTO THJPOCTAaTHYECKOTO NABJEHHSA HA IJIOCKYIO
BepTHKAJbHYIO CTeHKY B Bujae tpanenuu OabB. Iloab3dysch 3Tof
3MOPOH, MOXKHO rpadHyecKMM MyTeM HaXOJAUTb THJPOCTaTHYECKOe
IaBJeHHE, COOTBETCTBYIOUlee JIOGOH riyOHHe KHIKOCTH.

AHaJOTHYHBIM DIyTEM MOXKHO NOCTPOUTb 3MIOPY H3GEITOUHOr®
THAPOCTATHYECKOTO JaBieHus. WMaGeiToyHOe HaBjeHHE HA IOBepX-
HOoCTH Xujkoctw p =0, Tak Kak k =0, a H30BLITOUHOE JaBJEHUE
y IHa p =pgh, TaKk kKak h = H. CjepoBatenbHO, H30BITOYHOE THA-
pOCTaTHUYeCKOe NaBAeHHe H306pasuTcst TpeyroibHukom OCB, Kak 3TO
W TNOKas3aHo HA puc. 9.

HccnenyeM Tenepp OpMy TpeyroJibHHKa, COOTBETCTBYIOLIETO
H36BITOYHOMY THADPOCTATHYECKOMY JAaBJjeHHI0. COBepLIEHHO OYEBHIHO,
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uTo (popMa TPEYrobHHKA 3aBHCHT TOJbKO OT pOJA XKHAKOCTH, TaK
Kak HakJoH JauHuM O omnpejensieTcss TOJbLKO 3HaueHueM IpoM3Bejie-
Hus pg. Tak, agas Bojel ¢ miaotHocTbio = 1000 xe/m® smopa us-
OLITOUHOrO THMAPOCTATHYECKOrO JaBJCHHS INpeacTaBisieT COo0O¥ pas-
HoGe IpeHHbIl TPeyroNbHUK C yrJoM HakjoHa = 45°. [lnsa Xuako-
cteil Gosjee JIerKHMX, 4YeM Boja (Hanpumep, A4 OeH3MHA, The p =
=700 xe/m3), naknon Jsuaun O Gojee KpyToii M yroa B — Gosee

Puc. 10

45°. Haxonel, 1Js TSKeJBIX JKHIKOCTeH (Hanpumep, IJsi PTYTH,
rie p = 13600 xe/m®) smopa H3GBITOYHOTO THAPOCTAaTHYECKOTO JaB-
JIeHUs! MpeNCcTaBJIeHa TPEeYroJbHHUKOM C KpalHe I[OJIOrOfl CTOPOHOH
Oc u octpeiv yrJaoMm (puc. 10).

Puc. 11

Ha puc. 10 noxasanel Tpu 5MOPBl H3GHITOYHOTO THAPOCTATHYE-
CKOr0O JIaBJIeHHs, COOTBeTCTBYIomiNe GeH3WHy, BOJe W  PTYTH.
Pasuuna B u300pakeHHBIX 3MIOPaX 4Ypes3BbAMHO IMOKasaTeslbHA.
Ecan nnockas crenka AB, ToOABepxeHHasi HAaNOPy JKUIAKOCTH,
umeromleil riy6uHy H, He BepTHKa/JbHa, a HAaK/JIOHEHAa K TOPH3OHTY
nox HeKOoTopeM yriom (puc. 11 a, 6), To mocrpoenue 3moOp TrHApO-
CTAaTHYECKOro JaBJIeHHS 3JleCb HeOoOXOJHMO IPOH3BOJHTB B TaKOil
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ToCJIEfOBATEILHOCTH: 32 HAyajo KOOpPAHWHAT, KAK H B TEPBOM CJy-
yae, clefiyer NpUHSTH TOYKy O, Ile ypOBeHb MOBEPXHOCTH XXHJKO-
CTH NepecekaeTcsi C HAK/IOHHOH cTeHKoil AB. 3a ocb e NaBJeHui
Heo6XoAnuMO GpaTh HanpaB/ieHHe THIPOCTATHYECKOrO JAaBJEHHs, HOp-
MaJibHOe K HakJOHHOH cteHke AB. B cBsism ¢ 3THM OCHOBHOE ypaB-
HeHHUe THAPOCTATHKH INepenuuleM CJeAyIImHM o0pasoM, HMes B BHAY,
yto h = Isina:

Pace = Po -+ pgh = P, + pglsina. (37)

CrenoBaTenbHo, A

paﬁc:f(l) u p::fl(l)' — 0
Torja, Kak u pamee, mpu | — —— — /&
=0 u h =0 abcomoTHOE M £
CHAPOCTATHUCCKOE  JaBle- y —
HHE TI0oJyYyaeT 3HauyeHHe 1 / N — —
Pasc =Py, @ Npu l=Lwu / N — 2
h=H o/~ ~\7_|

Pasc = Po + pgL sina = N B

— o ogH. —ppt— i
~— gty L9

WMs6riTouHoe  AaBieHHe
npu [ =0 (h=0) OGyzer Prc. 12
paBHO Hymo, a npu /=1L
u h = H cocraBur BenuuuHy p = pgl sina =pgH. Hanoca nony-
YeHHBle TOYKHM Ha ueprex (puc. 11 a w ©) wu coemuHsis ux nps-
MBIMH JIHHHSIMH, TOJYUHM 3TIOPB aGCOMIOTHOIO H H30bITOUHOTO
THJPOCTATHYECKOTO [aBJeHUs Ha IJIOCKYIO CTeHKY, HaKJ/JIOHEHHYIO
K TOPH30HTY TMOJ yTJOM d.

O6patuMcsl Tenepb K MOCTPOEHHIO 3MIOP FHMAPOCTaTHYECKOTO AaB-
JeHusi 1JA OoJsiee CAOXKHBIX C/IydaeB, KOTJa IJIOCKas CTE€HKa MOJ-
BepKeHa [aBJ/eHHIO KHUAKOCTH ¢ JBYX CTOPOH HJM KOTla CTeHKa
sIBJIsSIeTCA KPUBOJMHeHHOH. [Ipn paccMoTpeHuH 3THX caydyaeB orpa-
HHYHMCSl TOJBKO INOCTPOEHHEM 3MIOp H3OGBITOYHOIO THJpocTaTHYe-
CKOTO IaBJeHHs, UTO fIBJSETCS BNOJHE AOCTATOYHBIM A/ U3/I0XKEeHUA
CyIllecTBa BOINPOCA.

WTax, NpeanosoxuM, 4To Ha BepTHKANbHYIO cTeHky ABS (puc. 12),
SIBJSIOLLYIOCS], HamnpuMep, pasfelbHOHl CTEHKOH pesepByapa, Of-
HOpOJHAsl XMJKOCTb OKasblBaeT jaBjeHue c JAByX cTopoH. Ilpu 3Tom
C JIeBOH CTOPOHBI XHAKOCTb HMeeT ray6uny My, a ¢ npaBoid — riy-
6uny H,. Takum oOpasom, crtenka AB Oyler nojsepXkeHa JefcT-
BUIO TlapajuleNbHbIX CHJ THAPOCTATHYECKOTO JaBJIEHHs, HalpaBJieH-
HbIX B IIPOTHBOIIOJIOXKHBIE CTOPOHBI. PeayslbTaTHBHAsI pacueTHasi SMi0-
pa THAPOCTATHYECKOro [JaBjieHusi mNpeacTaBieHa Tpaneuneii OMNB.

PaccmoTpuM nocTpoeHue 3mop THAPOCTATHYECKOTO [aBJEHHS IJIst
KPHBOJIMHEHHBIX cTeHOK. OTMeTHM, uTO ¢opMa 3MIOPHl 3A€Ch 3HAUM-
TeJIbHO CJIOKHEe, 4eM B cJiyyae I[IOCTPOCHHS SMIOP THAPOCTaTHUe-
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CKOTO JlaBJIeHUs1 JJisi TJIOCKMX CTeHOK. DBousbiias cloXHOCTL 3MmoOp B
paccmMaTpuBaeMoM CJyyae sIBJSIeTCsl CJIeICTBUEM TOrO, YTO B KaK-
JOH TOYKE TIMAPOCTATHYECKOE JaBjieHHe HOPMaJjibHO K KDHBOJIMHE-
HOi cTeHke. IlosTOMy J/MHHS, OrpaHHuMBAOILAsl SMIOPY, IPeICTaB-
JsieT co6oii KpUBYIO, JJIsi NOCTPOEHHS! KOTOPOH [IBYX TOUEK HeNOCTa-
TOYHO.

Ha puc. 13 mokasaHa smiopa THAPOCTATHYECKOTO JABJEHHA JJis
LHUCTEPHBI, 3arnoJiHeHHOl HedThio 10 ray6unel H. 3mopa nocTpoena
IJ1s KpHBOJIMHEfiHOro y4acTka uucrepHnl AB.

8

Puc. 13 Puc. 14

Ha puc. 14 nmokasana smiopa T'HAPOCTATHYECKOrO JaBJeHHs, JAei-
CTBYIOILETO HA IApOBOH KJjamaH BcackiBawlled TpyOGBl Hacoca, ¢
fIOMOILbIO KOTOPOIO IPOM3BOAAT 3aJHBKH BCACHIBAIOIICH JIMHUU TEpen
ayckoM. B paccmatpuBaeMoMm cjyuae smiopa H3GBITOYHOIO THAPOCTA-
THYECKOTO JaBJIeHHsi NpH BBEICOTE CToJ0a MKUJAKOCTH BO BCachiBalo-
meli TpyGe, paBHOH /g, H300paxkeHa caoxHO# ¢urypoit ABEFDC.

§ 8. MOHATHE O NMbE3OMETPE, NbE3OMETPUYECKOH BbICOTE
H BAKYYME

PaccmoTpuM 3akpeITHIE cocyd [, 3amnoJHEHHBIH XHAKOCTBIO, Ha
TIOBEPXHOCTH KOTOPOH NEHCTBYeT AAaBJEHHE p,, INPEBLILAONIEE aTMO-
cdepHoe JaBjeHHe p,r (puc. 15). Ilpenmosioxum, 4To B HEKOTOPOIl
Touke A, pacnoJ/ioXKeHHOW Ha rayOuHe /1, CHeNaHO OTBEPCTHE, K KO-
TOPOMY IIpHCOeJMHeHa TpyOka 2, OTKpHITas cBepxy, T.e€. coofuar-
mascs ¢ atmocdepor. Tak Kak JaBjieHHE HA MOBEPXHOCTb KHIKOCTH
po Oosble aTMochepHOro, TO KMAKOCTb B TpPyOKe 2 HOAHHMAeTCsl Ha
HEKOTOpYIO BBICOTY h,, KOTOpasi B THJpaBJlMKe Ha3blBaeTcsl Nbe3o-
MeTPHUeCKOH BBICOTOH, a cama TpyOKa, B KOTOpOH MNOJHHUMaeTcs
JKHJKOCTb, — MbE30METPHUYECKOH, HJH IbE30MEeTPOM.
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[TbesomeTpryeckasi BeicoTa f, OmpefessieTcsi U3 3aBHCHMOCTH AJIs
rMPOCTaTHYECKOro JaBJieHHss B Touyke A B COOTBETCTBHHM C ypaBHe-
HueM (34):

Pacc = Par + Pghp, (38)
138044

Pase — Par
hp v . (39)
IaBjienne p,sc B Touke A MoxeT OhIThb OIpEJEJeHO H JAPYTHM
nyteM. B camoM pesie, o6nacTb TOUKH A HaXOAMTCA MO JAaBJeHHeM
cronifba KHUIKOCTH B cocylie
H JaBJeHUeM p,, HAEUCTBY-
IOIIMM  Ha  NOBEPXHOCTb
KuJakoctd B cocyje. Toraa / 2]

Paée = Py -+ pgh

B xugkocTH, Haxonamei- l
Cs B JaHHOM cJiy4yae B CO- T : -
CTOSIHHH TIOKOsl, JaBJICHHS _
B obmactn toukn A kKak A |
CO  CTOPOHBI NbE3OMeTpa,  §
TaK U CO CTOPOHBEI COCyJa "-__‘“—“—_‘7
MexkJy coGoff paBHBI, YTO
NO3BOJIAET HamlucaTbh pa-
BEHCTBO

Par + Pghp =po + pg/’l Puc. 15

W3 srtoro paBeHcTBa moJsyyaeM BTOpOE BBIPAXKCHHE /IS MbE30OMET-
DHYECKOH BBICOTEL /,:

) T e
Pyl

[
(Y

Q
R
~

DN 1
I||| [

Il‘l

By =20 Par gy (40)
74
CurrenoBaTeslbHO, NBE30METPHUYECKAsi BHICOTA COOTBETCTBYET BeJHUMHE
U30bITOYHOrO JaBjeHHst B Touke A. O6 HCHO/IB30BAHMM IHE30MET-
POB IJIl HM3MepeHHs! Nbe30MeTpHYeckKofl BHICOTH cM. B § 10.
O6parumcst Temepb K 3aBHcuMocTH (40), ompejensiouel Mbeso-
MmerpuuecKylo BbicoTy. Ilpenmosiokum, 9TO cocyl, B KOTOPOM YycCTa-
HOBJICH I1be30MeTp, $BJseTcs OTKpHTHM. Torja JaB/eHHe Ha IMO-
BEPXHOCTH JKHJIKOCTH B HeM OyleT paBHO aTMocepHOMY (py = Par),
H saBucuUMOCTb (40) moJiysaeT Takoe HpocToe BbIpaxKeHHE:

h, = h. (40')

Takum o6pasom, B JaHHOM cJiyyae Mbe3OMeTpHUecKas BLICOTa OyAeT
paBHa IJlyOHMHE NOTPYXKEHUS TOYKH B XKHAKOCTb.

B uHXeHepHOH NpakTHKe OYeHb YacTO IPHUXOAHTCA BCTpeYaThbCs

¢ 006JacTsAMH, TAe HMeeT MeCTO paspsikeHHe, WJIM BakKyyM, T.e. rie
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IaBJeHUsi GBIBAIOT MeHbile aTMocdepHOro. Baxyymom HasbiBaercs
pPasHOCTb MeXJIy aTMOCGhepHBIM H a6COJIOTHLIM JaBJIEHHEM

Psak = Par — Pabe, (41)

XapakTepH3ylolmiass HEeJOCTaTOK [aBJIeHHS JJs OKDPYXalollero arTMo"
ccepHoro.

MoKHO TNIpUBECTH MHOTO cJiydaeB o6pasoBaHHs BakKyyma. Tak,
HanpHMep, BO BcachlBaiolleil TpyGe Hacoca cosfaercss Bakyym. O6-
pas3oBaHHe BaKyyMa BO BCAcChl-

f ( \\ Baiolledl Tpy6e IOpIIHEBOIC

Hacoca NPOHCXOAHT B pesyJib-
lP TaTe JBHXKEHUs] IODLIHS, a B
A = IIEeHTPOORXKHOM Hacoce — B pe-
[ 3yJbTaTe BpalleHHst paGouero

N KoJieca. BakyyM, Bo3sHHKalO-
Bax muit B HacajKax, yBeJIHUHBAET

l% -] HX TPONYCKHYIO CIOCOGHOCTH

U T. 0
= OcTaHOBUMCSI Ha HCCJIENO-
- BaHMH Bompoca 06 oGpasoBa-
— B8 — HHH BaKyyMma, O crnocofax ero
H3MepeHHs] M ero IpeeIbHOM

Pxc. 16 3Hayenud. CHauasa 06
. paTHMCst
K CcXeMe, IpeicTaBJeHHOH Ha puc. 16, rie mOKasaH 3axkpBITHI
pesepByap A, B KOTOpoMm co3faH BakyyM. [l ycTaHOBJeHHSI Ha-
JHYHS BaKyyMa H ero uaMepeHUs IPHMEHSETCS BaKyyMMerp,
NpeACTaBJSAIOIMMA cO60H  M3OrHYTyI0 TPYOKY,  BEDXHHH KOHelL
KOTOPOH COelMHeH C O00JIaCTbl0 BaKyyMad, 4 HHUXHHH ONyLleH BO
BCIIOMOTaTeNbHBIH OTKPHITHIA cocyl B, 3amoJHeHHBIH XHIKOCTBIO.
Ha noeepxHOCTD XKHAKOCTH JeficTByeT aTMOC(epHOE JaBJEHHE Dar.
Tak kak B pesepByape A jaBjieHHe MeHblle aTMOC(epHOro (p << par),
TO B pesyJbTaTe JeHCTBHS aTMOCGEPHOro JaBJEHHSl Ha NOBEPXHOCTH
JKHAKOCTH BO BCIIOMOraTeJIbHOM pesepByape B XKHAKOCTb IO TpyOKe

BaKyyMMeTpa MNOJHHMAeTCsi Ha HEKOTOPYIO BHICOTY gk (pHc. 16).

Bricora mopmpema xugkocts B TpyOKe Bakyymmerpa Oyler ompe-

JeJATbCS H3 YCJIOBHi paBHOBECHS, BbIP2:KaeMOrO PaBeHCTBOM

pa-r = p + PghBaK9 (42)
OTKyAa
Par — P .
haax == %‘ . (43)

B cBsi3M ¢ 3THM BakyyM MOKeT M3MepsITbCs B MeTpaX BOASHOIC
HJH MHJJIHMeTpPax PpTYTHOro crtonfa, a Takke B J0JS9X aTMOcdephl.
Tak KaK par—p = pghaax, TO BeJHYHHA BaKyyMa, yMHOXEHHas Ha
BLIpAXKEHHEe pg, ONpefiesisieT HeJOCTAaTOK JAaBJeHHs JO aTMOC(epHOro.
CoBepLIeHHO OYEBHIHO, YTO NpelebHBIM 3HAaueHHeM BaKyyMa sBJs-
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ercst ofHa atMmocepa. Jlocruxenne Bakyyma, GJIH3KOro K €ro mpe-
JE€NbHOMY 3HAYeHHIO, CONPSAXKEHO CO 3HAYMTEJbHBIMH TPYAHOCTSMH.
O6bIuHO BeNMYMHA BaKyyMma, 06pasyiollerocss B pasiHUHBIX THADaB--
JIMYECKHX YCTAHOBKAX, JocTuraer 6—8 m.

§ 9. JIOCKOCTb CPABHEHU S, HAMOP H HATIOPHAS 1JIOCKOCTD,
CBOEOJHA S MOBEPXHOCTb )XHJKOCTH

Ilns onpeje/ieHnsi B3AUMHOTO BEICOTHOTO PACIOJIOXKEHHS OTAENbHBIX.
TOUYEK B XKHAKOCTH HCIIOJIb3YETCsI TOPH3OHTA/bHAS NJIOCKOCTh, IIPOBOAH-
Masi Ha IPOH3BOJLHON BHICOTE M Ha3biBaeMasi MJIOCKOCTBIO CDaBHEHHS.

BeprukanbHoe paccros-

HHE paccMaTpHBaeMOH TOu- =
KH OT IIJIOCKOCTH CpaBHe- T 7 1}1, f
Hua O — O HasbiBaercs reo- R i hz
METPHYECKO#M BBHICOTOH TOU- /] - AZ i
KH HaJl TJIOCKOCTBIO CpaBHe- 2 T=~ ""’f -
HHS M OObIYHO 06O3HAYaeT- ,

cs OykBoii z(puc. 17). Cue- Z z
J0BaTeJbHO, €CJIH HaM HYKHO d
YCTAHOBUTL B3AaUMHOE BE- { ‘
COTHOE pacnoJIoKeHHe IBYX
TOUeK B KHAKOCTH I H 2, Puc. 17
TO JJIs1 9TOTO HYXKHO oOIIpe- e
AeJIUTb PA3HOCTb TEOMETPHYECKHX BBICOT ITHX TOYUEK:

AZ - 21—22.

PasHocTb reoMeTpuueckux BBICOT TOYEK Az, HasbiBaeMmas TaKikKe Ipe-
BLIIEHHeM OJHOH TOUKM Haj APYrod, He SaBHCHT OT MOJIOXKEHHS
NJIOCKOCTH cpaBHeHHsi. [loJsioxkeHHe IJIOCKOCTH CPaBHEHHsI BBLIOGHPAIOT,
PYKOBOACTBYSICH UHCTO TPAKTHUECKHMH COOGpDaXKEHHAMH, CBA3aH-
HBIMH C yJ1006CTBOM MOJIb30BAHHS 3TOH IJIOCKOCTbIO.

Crepyer cobmozarth JMIb ONHO HENMPEMEHHOE YCJ/IOBHe: MJoC-
KOCTb CpDaBHEHHS! JOJIXKHA ObITb TOPH30HTAJbHOH.

YCTaHOBHM MHOHSITHA O FHAPOCTAaTHYECKOM M Tb€30METPHYECKOM Ha-
nopax. PaccMotpum ofmuii caydad, Koraa XKHAKOCTb HAXOMUTCA B
3aKPBLITOM pe3epByape M Ha ee INOBEPXHOCTb JAEHCTBYeT JaBJIEHHE p,
Gosbwiee armoceporo (puc. 18). bBynem paccmarpuBath B KHA-
KOCTH JBe TOYKM / ¥ 2 ¢ reoMeTPHYECKHMH BBICOTAMH 2y M 23 H
rny6uHaMd norpyxeuusi s, u hp. IlpeanosoxuM, 4YTO Ha BHICOTE
ToueK / M 2 yCTaHOBJIeHBHl 3anasiHHble CTeKJsAHHbIe TPYyOKH, M3 KO-
TOpPBIX BBIKaYaH Bo3AyX. [loJsiarasi, 4To JaBJieHHe B 3THX TpyOKax
PaBHO HyJIO, MOXKHO CUHMTaTb, YTO MXHAKOCTb TOJHHMAETCH B HHX
Ha HEKOTOPhIE BBICOTEl A, U h,, COOTBETCTByIOUIME BeJHYHHAM al-
COJIOTHBIX JdBJIEHHH B pacCMaTpuBaeMblX TOYKaX.
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Hanumem ycJioBusi paBHOBecHsl XKHAKOCTH B Toukax I u 2,
NoJIb3ysiCb OCHOBHLIM ypaBHEHHeM T'HJpOCTAaTHKH:

egh, = po -+ pghy

egh, = p, +oghs.

, , Torpa
o T’ Bo="Pp
-/-)?. po Py - p_g' + 1
, o
u
ff h ) ’_of .
—I= = = ) h = pg + h,.
/Z, /Ipﬂ P2 ,
] i1ia /72 szt CnenopaTeJleo, BBICOTHI /1,
2 $°""F m  h, paBHEI SHAUEHHAM Liy-
7 24 OMH TNOIPYKEHHsI TOYEeK B
! | XKHUIKOCTb, CJIOKEHHBIM C II0-
Z CTOSIHHOH BeJIMYHHOH %’g , Ko-
n & [ Topasi XapaKTepusyeTr JaBJie-
Vi pas xap pusy
HUe, JeHCTByOLlee Ha IOBEpX-
Puc. 18 HOCTb JKHAKOCTH B paccmart-

pUBaeMoOM pesepByape.
W3 paccmotpennsi puc. 18 cuaepyer, uTo CcymMa I'€OMETPHYECKOH
BBICOTEl TOYKH Z M BBICOTH /i, AJs JOGOH TOUKH KHAKOCTH eCTh

BeJMYHHA IOCTOsIHHASA
2y + h, =z h, = const. (44)

HeficTBUTeNBHO DOpH  U3MeHEHHHM [IJIyOMHBI TOTPYXKEHHS TOYKH B
KHJKOCTb /I reoMeTpuueckas BLICOTa €e 2 H3MeHseTCsl Ha TaKylo ke
BeJHYMHY, HO B TPOTHBOIOJIOKHOM Hamnpan/ennd. OnHako cymma
3THX JBYX BEJHMUHH BCerja OCTaeTC HEHM3MeHHOH.

CymMa reomMeTpuueckoil BBICOTH TOYKH 2 H BBICOTHI, COOTBETCT-
Byomell a6COMIOTHOMY [aBJIEHHIO KHIKOCTH B JdHHOH TOYKe h,;, Ha-
3bIBAETCSl THIPOCTATHYECKHM HAaNoOpoM B TOYKe U o6O3Hayaercs dye-
pes Hy:

Hy=z+h (45)

Tenepp npeanoJsioxkuM, YTO BMeCTO 3alasiHHBIX CBepXy TpyCoK
Ha BbicoTe ToueK I M 2 ycTaHOBJEHb OCBHIUHBIE MLE3OMETpHYecKHe
TpyOku (puc. 19). JKupkocrs mogHHMaeTcss B HHX Ha Nbe30METpUYecKHe
BBICOTH /1, H h,,, MEHbIUHe, 4eM BhICOTH A, u f, (puc. 18). Tlbe-
30METPHYECKHE BBICOTHI /i, W /1, ONpeNessioTCS H3 YpaBHEHHH pae-
HOBeCHsI XMIKOCTH B Toukax [ u 2

Pra + pghpy = py + 08Ny



Par + pghpe = py + pghs;
Po— pa-r
hﬂ: + hl'

hﬂz = paT —I— hg

Tak e Kak U B npeapaymem c.nyqae, CymMMa reome'rpuqecxoﬁ
BBICOTBI TOUKHU Z U HbGSOMeTpPIlIeCKOﬁ BBICOTHI hp AJisi  BCeX TOUEK
JKHJIKOCTH SIBJISETCS MOCTOSIHHOH:

21+ hp, = 22 4 hp, = const.

CyMMa reoMeTpHYeCKOH BBICOTHI TOYKH H I[be30METPHYECKOH BBHI-
COTHI, COOTBETCTBYIOLLEH H3GBITOY-
HOMY JaBJICHHIO, Ha3blBA€TCsl Ibe-
30METPHYECKHM HaNopoM B JaH-
HOH TOYKe KHUAKOCTH H 00603Ha-
yaercsi uepe3 Hp:
Hy, =2+ h,. (46)

C nmnoHsATHEM O Ibe30MeTpHue-
CKOM Hamope Ha INpakKTHKe BCTpe-
YaloTCsl Yalle, 4YeM C IIOHSATHEM
0 THJIPOCTATHYECKOM Harope.

Ecnn B pesepByape, usotpa-
JKeHHOM Ha pHc. 19, naBnenue Puc. 19
P, OyZeT paBHO aTMocgepHOMY, )
TO 3aBHCHMOCTDL (46) /151 Nbe30MeTpUYEeCKOro Hamopa, COOTBETCTBY-
IOIEro OTKPHITOMY pesepByapy, MNOJNYYHT cJjefywoiee GoJsiee Npo-
CTOe BBIpAXKeHHe:

p__z+hp__z+ +h=z-4h

[ay6una morpy:eHHsi TOYKH B XKHAKOCTb /I CBsi3aHa C H3GBITOYHLIM
THAPOCTATHYECKHM JaBJIeHHEM 3aBHCHMOCTBIO

PaT

4
p =pgh, nm & oz
CanenoBate/TbHO, M30BITOUHOMY THAPOCTATHYECKOMY JEBJIEHHIO p COOT-
BETCTBYET COBEPUIEHHO OIpelesieHHaa TIJyOHHa MOrpyXKeHHs TOYKH
B XKUMAKOCTb A. Toraa Bblpaxkenue Al Hanopa B cJjydyae OTKPBITOTO
pesepByapa MOxeT ObITb MPEACTaBJCHO M TakKUM OGpa3oM:

Hp=z+£. (47)

[TosTOMy NBE30METPHYECKHI HAIOP MOXKET pacCMaTpHBAThCS TaK IKe,
KaK CyMMa JBYX BBICOT: I'€OMETPHYECKOH BBICOTbl TOYKH Z H BBICOTHI
gé’ COOTBETCTBYIOILEl HM30BITOUHOMY JAaBJIEHHIO p.
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TlonsiTuaM rujppoctaTHyecKMit M TNbe3OMETPHYECKMH HAmopul 10
CHX MOp Mbl JaBaJii reoMeTpuueckoe ucroJkoBande. OnHako mpej-
CTaBJIsieT 3HAYHTEJNbHHIA HMHTEpeC HCTOJIKOBaHHE 3THX MOHATHH H C
IHepretriyeckol ((uaHuecKoi) TOUKH 3peHHd.

IlpennoiokuM, YTO B 3aKPHLITOM pe3epByape, IPeACTaBJECHHOM Ha
puc. 18, B obmactH TOUYKH A COCPENOTOUEHO HEKOTOPOE KOJHYECTBO
KHAKOCTH, oGo3HauenHoe Hamu (G. Ecou Mbpl B Touke A ycTaHoO-
BUM 3aNasiHHYI0 CBepXy TPYOKY, H3 KOTOPOH MOJIHOCTBbIO yJaJieH BO3-
IyX, TO TNOJ JEHUCTBHEM THIPOCTATHYECKOrO [aBJEHHS B 3TOH TOUKE
XHAKOCTb B KojuuyectBe G mnojpHuMercsi B TpyOKe Ha  BBHICOTY

h,;A IO CpaBHEHUIO C NoJoKeHneM TOuKH A. OTHOCHTEJIbHO XKe [1JI0-

ckoctd cpaBHeHHs: O — O XHAKOCTb B TpyOKe OyJeT HaXOAMTbCA Ha
BBICOTE 24 —I—h'pA. TNonusBiascs XUAKOCTb Oyler o6saagath cJefy-

IOIHUM 3amnacomMm HOTEHuHaJleOﬁ SHEprHu:
= G(ZA -+ /’lpA) = GH,.

Ecan Mbl yepes E 0603HaYHM yZeJIbHYIO NIOTEHIHAIbHYIO SHEPTHIO, T. €.
SHEPIHI0, 3aKJ/IOUeHHYIO B e{HHHUIE Beca XKHAKOCTH, TO MOXHO 3aNHcaTh

G(za+h ,

=§=——G—”A)=z,1 + b, = H,. (48)

Takum o6pa3om, ruppocTaTHyeckKuil Hamop C SHEPreTHYECKOH Tou-
KH 3peHHsl NpeACTaBJjsieT COGOH YAeNbHYIO IOTEHLIHAJbHYIO SHEprHIo
OTHOCHTEJIbHO BHIOPaHHOH IJIOCKOCTH cpaBHeHHs. [Ipu atoM uacTb
yIeJbHOH MOTEHIHAJNbHOH 3HEPrUH 24, CO3[laHHE KOTODOH CBfI3aHO
C BBICOTHBIM IIOJIOXKEHHeM TOYkH A, HasblBaeTcsi YJAeNbHOH IOTEHIH-
aJbHOH 3Hepruell TMOJIOXKEHHs, a YacTh Y/AeJbHOH NOTEHIHaJbHOMH
3Hepruu h;A, KOTOpasi 3aBHCHT OT albCOJIIOTHOTrO JAABJIEHHS B TOYKe

A, HaspIBaeTcsl yJeJbHOH IOTEHIHAJbHOH SHeprueil JaBJeHMs.
Hrax, rugpocratHuecKuii HAmop siBJsieTCs CYMMOH JBYX VyJesb-
HBIX TIOTEHIUaJIbHBIX SHEeprui: SHepru¥ NOJIOXKEHUs U SHeprHH Jas-
JIEHUS.
Bce ckazaHHOe O THAPOCTATHYECKOM HAmoOpe HOJHOCTBIO OTHO-
CHTCA M K Ib€30MEeTPHYECKOMY HAamNopy, KOTOPBIH OTJHYdercs OT THj-

p
pOCTATHYECKOTO TOJBKO HA BEJHUYHHY ‘%.

Tak kak rufpocraTHyecKHH H Ibe30OMETPHUECKHH HAamopbl MOCTO-
SIHHBL JJI1 BCeX TOYeK XKHAKOCTH, TO YPOBHH IKHJKOCTH BO BCEX
Nbe30MeTPHUECKHX TPyOKax OyAyT pacrosaratbCsi B OJHOH TOPH30H-
TaJbHOH mJaockocTd (puc. 18 u 19), KoTopasi HasplBaeTcsl HAIOPHOIL
TJIOCKOCTBIO. ['OpH30OHTa/NbHAsA IJIOCKOCTD, IIPOBeJieHHas Ha BHICOTE
THAPOCTATHYECKOTO HAaNopa, Has3biBaeTcsl IJIOCKOCTBIO THAPOCTaTHYe-
CKOrO Hamopa, a IOpH30HTaJbHasl MJOCKOCTb, NPOBeNEHHAas Ha BHICOTE
Nbe30MEeTPHYECKOr0 Hamopa, MJIOCKOCTbIO [be30MeTPHYECKOro Harmopa.

B ruppaB/uKe OYeHb YacCTO NPHXOAUTCA NOJb30BAThCS MOHATHEM
o cBobofHO# moBepxHOCTH. CBOGOLHOH IOBEPXHOCTBHIO Ha3biBaeTCH
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TIOBEPXHOCTh, OT/EJAIONAs KHAKOCTb OT rasoo6pasHoil cpeawl. B or-
KPBITBIX COCYAaX CBOGOAHAS TOBEPXHOCTb IOABEpKeHa JEHCTBHIO
atMocepHoro naBsenusi. CBoGOgHAS MOBEPXHOCTb KUJAKOCTH, YacTH-
1lbl KOTOpOH HaXOAATCS TOJIbKO TOJ JAeHCTBHEM CHJI TSXKeCTH, SBJIS-
€TCsl MOBEPXHOCTHIO TOPH3OHTAJNBHOH (cM. § 6).

§ 10. MPUBOPHI IJ11 UBMEPEHHUS JNABJIEHUS

[asi n3MepeHdsi [aBJieHUs] TPHMEHsieTCA 3HAUHTE/bHOE KOJHYe-
CTBO pAa3JIMUHBIX MaHOMETPHUECKMX NPHOOPOB, THIH H KOHCTPYKIUHS
KOTOpPBLIX 3aBHCSIT OT BEJHYHHbl H3MepsieMblX JABJICHHH M TOH TOY-
HOCTH, KOTopasi JOJKHa ObiTb oObecreyeHa B
pe3yJbrate u3MepeHuil. Bce mpubopsl, cjyxa-
IIHe 1Jif H3MepeHHs JaBJIeHH#, MOTYT OLITh pasjie-
JIeHbl Ha TPH rpynnsl: 1) mbesomeTprl; 2) MaHO-
MeTphl; 3) BaKyyMMeTpHI.

Ibesomerpbl. B kKauecTBe nMbe3oMeTpoB OObIY-
HO MHCIIOJIb3YIOTCSl CTEKJISTHHble TPYOKH Auamer-
poM He MeHee 0,5 c¢cm. Tlpm meHpmMX Jua-
MeTpax Tpy6ok Oyner oOpas3oBLIBATbCS 3aMer- /Z,,
HblH MEHHCK, TpeOyIOLIHH BHECEHHs IIONPAaBOk
B OTCYeTHl. 15

Huxuuii xoHel TpyOKM IIbe30OMeTpa coe- [—=—==T7=
JUHSeTCA TIPH NOMOWHM CIHelHasbHOro narpy6- |— — |4-
Ka ¢ TOH oO6sacTelo, Ie JOMKHO IPOH3BO- L
JUTbCSl H3MepeHue JaBJjeHHs. BepXHHH KoHel
TPYOKH JloJuKeH OBITb OTKPBITBIM, COOOILal0-
uuMcsa ¢ aTMOCQ)BpOﬁ.” préxg TIOMeIa eTcs Puc. 20
Ha JIOCKE C HAaHeCEHHOH Ha Hell H3MepHTelb-

HOH IIKaJoH, OObgHO MuJMMeTpoBoll (puc. 20). Hynp mkass
npu6opa MoXeT Ha3HayaTLCs Ha MPOM3BOJIBHOHR BBICOTE M €ro mo-
JIOXKEHHE JIOJDKHO OIpefiesiATbCsl YAOGCTBOM HM3MepeHHil.

Ecmu nbesomerp mnoikJiodeH K 00JacCTH HM3MepeHHs JaBJieHHII,
KHJKOCTb B HeM IIOJHMMETCSl Ha IIbe30MeTPHYECKYIO BBICOTY h,, H3-
Mepsis KOTOPYIO MO WIKaJje, ONpeAeJHM H3GBITOYHOEe THApPOCTaTHYe-
CKOe JiaBJieHHe B pesepByape:

p = pghp.

3arteM BBHICOTY cTOJI6A KMAKOCTH /1,, H3MEPEHHYI0 B Merpax MJIH
CaHTHMETPaX, YMHOXHM Ha 3HaueHHe pg. Torga W3GHITOYHOE THAPO-
cTaTHYeckoe JaBJjieHHe OyJeT BbIPaXKEHO B HBIOTOHAX Ha KBaJpaTHBI
metp (#/m?). Ecan xe THIpPOCTaTHUECKOe JaBJeHHE HEOOXOIHMO Bbl-

p

pakaTb BBICOTOH CTOJI0A XKHJKOCTH, TO B CHJy paBeHCTBa h, = oz

TUApOCTaTHYECKOe JaBJIeHUE U 6y11€T paBHO IIbGSOMeTpH[IQCKOﬁ BBICO-
T€ B MeTpax HJH CaHTHUMETpax BOJAAHOIO cToJba.

=

o T N T e e T T
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CnenoBate/ibHO, MbE3OMETP J[aeT BO3MOXHOCTb H3MepSTb THAPO-
CTATHYECKOe JaBJIeHHe B HATypasbHYIO BeJIHYHHY, 4YTO SIBJSIETCS
GOJIBILIM JIOCTOMHCTBOM JAHHOTO METOJa H3MepeHHH.

Tak kak npu uaMepeHnH 60JbIINX JaBJeHHI (Ootee 3—4 M 600. cm.)
TPYOKH Mbe30METPOB MOJNYYAIOT YPE3MEPHYIO BBICOTY, JAHHBIH MeTOX
M3MEpeHHs] CTAHOBHUTCSI MaJIONPAKTHYHBIM, M IPUXORUTCHA TpHGerarb
K MCIOJIb30BAaHUIO JPYTHX NPHOOPOB, B YaCTHOCTH K HCIOJb30BaHHIO
TaK HasblBaeMbIX PTYTHBIX MaHOMETpOB,
Vaa B TpPyOKe KOTOPHIX BOJA 3aMeHsieTcs
PTYTBIO.

Takum o6pasom, Nbe3OMeTpbl mpH-
MEHSIOT [/ H3MepeHHsl MaJjblX JAaB-
aeanii (no 0,3—0,4 am) u B nepmyio
ouepenb TaMm, rie Tpebyercs jocrta-
TOYHO BBICOKAast TOYHOCTb H3MepeHFkil.
h, [Tostomy mnbesomeTpsl 0COGO ILIHPOKO

MPHMEHSIIOTCS NPH JaGopaTOpPHBIX THJ-
paBJMYECKHX HCCJEIOBaHUSX.

ManomeTpsl. Manomerpsl GbIBaioOT
5 1 1B s ABYX CHCTEM: XKMAKOCTHBIE H Mexa-

HHYecKHe.

XunxocTHBIE MaHOMETD bl
OueHp pacnpocTpaHEHHBIMH SBJISIIOTCS
U-o6GpasHble pTyTHblE MaHOMETPhI, KO-

Puc. 21 TOpBlE IPH BCell cBoell mpocrote oOe-
CIIeYHBAIOT BBICOKYIO TOUHOCTb H3Me-
penuit. Taxoff MaHOMETP COCTOUT M3 CTEKJISIHHOH TPyOKH, IpUKpe-
IJIEHHOH K JockKe co wmKanoi (puc. 21). Opun koHew TpyOKH coe-
JMHsieTcsl ¢ 00JIaCThbiO, B KOTOPOi HEeOOXOIMMO H3MepHUThb [aBJIEHHE,
Hanpumep, ¢ pesepByapoM A, a JApyroil sSIBJsEICs OTKPHITHIM, COe-
JuHeHHBIM ¢ atMocdepoii. TpyOka 3anosHsieTcst PTYTBIO NPHUMEPHO
Ha MoJIOBUHY BblcOTHl. [lo mojk/ioueHHs MaHomerpa K o6jiacTu aaB-
JieHusi PTyTb OyJeT cToATh B OOOMX KOJeHaX Ha OJHOM YpPOBHE.
Tlocne Toro XxaK MaHOMeTp OVIeT COeIHHEH C O0G6JACThIO AaBJIEHHS,
PTyTb B JIEBOM KOJIEHE HAUHET TMOHHKATbCHA, a B MPABOM — [OBbI-
maThesl 0 TeX MOp, NOKa BCsl CHCTeMa He ypaBHoBecutcsi. [lpw
3TOM paBHOBeCHe HACTYNMUT B TOT MOMEHT, KOorja OyjieT HOCTHTHYTO
PaBEHCTBO JaBJeHUll B ceyenun S—S (puc. 21):

Puse = Por - Por8hp, (49)

rae p . — a6CoMIOTHOE THAPOCTATHYECKOE NaBJeHHe B ceueHnd S—S;
h, — PasHOCTb YpPOBHEH pPTYyTH B JIEBOM M INPaBOM KOJIEHAX
TpyOKH;
ppr — NJIOTHOCTb PTYTH.
Jlas Toro 4toGbl OmpefennTb aGCoJIIOTHOe I'MApPOCTATHYECKOe HAB-
JieHHe B pe3epByape pa B TOM MeCTe, IJie NpHCOeJHHEH K HeMy Ma-
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HOMETp, HyXKHO BHECTH TNONPABKy HA MOHWXKEHHE YPOBHA PTYTH B
Tpy6Ke 1O CPaBHEHHIO C TOH TOYKOH, Tl H3MEpAeTCs JIaBJIEHHE.
Ora nonpaska pasna Beicote a (puc. 21), mpencrasasiomei coGoii
BepTHKa/NbHOE PAcCTOSHHE MEXKIy TOUKOH YCTAaHOBKH MaHOMeTpa H

YPOBHEM PTYTH B JIEBOM KOJIEHE.
CJlelIOBaTeJIbHO, BeJHYHHA HCKOMOIo a6CoJTIOTHOTO rujppocrath-

YECKOro JaBJieHUs ONpeAesuTCi no 3aBUCHMOCTH

Pa = Pg. — 08 = Par + 0prghy — 0ga.
(50)

Pasnocts ypoBHelt B Tpy6Kax /i,
H BeJHYMHA HNONpaBKH OTCUHTHLIBIOTCS
no mikaJje. Eciaun BMmecto pryTH TpyGKy 1A
3aNOJIHHTL BOJAOH, TO BBICOTA CTOJIOHKA [ —- =
JKHIKOCTH B TpyOKe A, yBemuuutes |— |-
B 13,6 pasza, urto CBHAETEJILCTBYET O
KOMNaKTHOCTH PTYTHBIX H3MepHTeNb-
HbIX NPHOOPOB, MO3BOJAIOLINX H3Me-
psATb AaBJeHHs o 3—4 am.

BoJsee coBepuieHHBIM THIOM PTYT-

HOTO MaHOMeTpa, Nnpu paGoTe C KOTO-
pPBIM HEOOXOJMMO IIPOM3BOLHTDH TOJIBKO
OIMH OTCUeT, sIBJIsIeTCS PTYTHO-4aluey- Puc. 22
Hblif MaHOMeTp. IJTOT HpHOOp HO Cy-
IIeCTBY ycoBepileHCTBOBaHHBIH U-006pasHblii MaHOMETP, B KOTOPOM
OIHO KoJieHO (JieBoe) 3aMeHeHO dawikoil (puc. 22). OH COCTOHT u3
MeTaJIJIMYeCKOH YallKH, HAMOJHEHHOH PTYThIO H COeJHHEHHOH C OT-
KPBITOH CTEKJSHHOH TPyOKO#l, pacHoJIOXKEeHHOH Ha IOCKe ¢ MHUJLIH-
METPOBOH IWIKaJoH. 3a HyJ/b LIKaJbl OOLIYHO NPUHHMAETCs YPOBEHb
PTYTH B 4Yauike, TaK Kak IMONEpPeYHble pasMephl IocJe/fHe#d BeIOHpa-
I0TCHl BCerja TaKUMH, YTO MpPH BBIIOJHEHHH OOBIYHBIX TEXHUUECKHX
M3MepeHHH TOHHXKEHUEM YPOBHsS pPTYTH B yYallke MOMXKHO IpeHe(Gpe-
rathb.

Torza

Pa6ec = Par + Pprghp + pga, (51)

rje a— NOCTOsHHAasA BeJUYHHA TONpaBKH JJA JaHHOrO mnpubopa.
Takum obpasoM, 1/ OnpefesNeHHs NaBJIEHHS Pasc HEOOXOLHUMO TOJIBKO
M3MEPHUTH BHICOTY CTOJIOMKA PTYTH A, Haji HyJeM IIKaJbl, T. €. Npo-
M3BeCTH BCEro OJMH OTCYeT.

[na u3MepeHHss pPa3HOCTH JaBJeHHH B JBYX O0JacTAX HCIOJb-
3yl0Tcsl TaK HasblBaeMmble AHdepeHLHaJbHble MaHOMeTph. HawuGosee
4acTo INpHUMEHSIOTCS AuddepeHLHaNbHble PTYTHbIE MaHOMETPHI, CO-
CTOfIME H3 JIBYX COEJHHEHHBIX MeXIy co6ofi cTekJsHHBIX U-o6pas-
HBIX TpyOok (puc. 23). PryThr nomemaercs B cpensem koJiene. Korga
npUOOp He BKJIOYEH, PTYThb CTOMT B 00eHX YacTsX KOJIeHa Ha OJHOM
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ypoBHe. Ecau Xe MaHOMETP BKJIIOYEH IJIS M3MepeHHsl Pa3HOCTH J1aB-
JIeHHil B JIByX 00JacTaX, PTYTh NEPEMECTHTCS W 3aliMeT HOBOE IOJIO-
3KeHHe, COOTBETCTBYIONIee yCJIOBHSIM PABHOBECHs, KaK 3TO, HANPUMEp,

1300paxeHo Ha pHc. 23.
OGo3HauuM 4epes p; H pz AABJEHHS B NEpBOM M BTOPOM pesep-
Byapax, uepe3 h; M hy — BRICOTBl CTOJIGHKOB KHAKOCTH B CpelHEM
KOJIeHe HaJ yPOBHEM pTYTH,

a yepe3 Ak — pasHOCTb YpPOB-
S Heft prytH. CocTaBuM yCJIOBHS
4 h, PaBHOBECHS OTHOCHTEJILHO ILJIO-
h, 5 cKocTH cpaBHeHus O —O,
ah NPOBEJCHHOH Ha ypOBHE IIO-
0 2 0 BepXHOCTH pTYTH B JIEBOH
—_—Lw" L _r— YacTH CpejlHero KoJieHa. ¥ Ka-
P O o/ o 3aHHOE ypaBHEHHE paBHOBECHS
‘ \____EF 2 6yzneT uMeTb CJeIyIOMmHH BUA:
p1+ pghy = p2 + pgha +
Puc. 23 + pprglh
HIH
Ap = py — Py = pgha — pghy + pprgLh.
Tak xak
Ah = h, — hs,
TO

Ap = p; — p2 = ppr@Ah — pghh.

Puc. 24

Taxum oOpasom, pasHOCTb HaBJIeHHH B pesepByapax GyJeT paBsHa
Ap = p; — p2 = MK (ppeg — pgQ), (52)
371eCb pg COOTBETCTBYeT XKHAKOCTH B IIepBOM M RTOPOM pesepByapax.
Ecau B uccrienyemblx pesepByapax KMJIKOCTb OyJeT pasdHasf, To
IIpH COCTABJIEHHH IPHBEJEHHOrO Bhlllie YPaBHEHUS PABHOBECHS JOJKHbI
OLITb B3STHl M PasHble 3HAYECHHA pg.
Jna u3MepeHHsl OueHb MaJbIX [aBJeEHMI NPHUMEHSIOTCS MHKpOMa-
HOMETpHI, B KOTODHIX BepTHKaJbHasl IIKaJa 3aMeHeHa HaKJIOHHOH
(puc. 24). Tlpu >TOM BMeCTO MaJsiofl BBICOTHl /4 MOMHO OTCUHTHIBAThH

h
3HAUHTE/IbHO COJIBINYIO E€IMYHHY [ = —— , H30eras TeM caMbM 3Ha-
YUTEJNbHLIX OTHOCHTEJbHBIX OLIMOOK, HEH30EeXHBLIX NMPHU OTCYeTax Ma-
JIbIX BeJIMYMH. MuKpoMaHOMeTpEl OGBIYHO S4MOJIHAKTCA BOLOH HJIH

CITIPTOM.
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Mexanunuyeckue MaHoMeTpH. MexaHHUeCKHE MAHOMETPHI —
NPYXHHHBIE ¥ MeMOpaHHbIE — HCIOJb3YIOTCS IJISi HU3MepeHHs GOJlb-
KX H30BITOYHBIX HaBJeHHH (Gosee 3—4 am).

HauGosee pacnpocTpaHeHHBIM B HacTOsIIEe BPeMs siBJisieTcsi TPy6-
yaTBli NpY:KHUHHBIH MaHoMeTp (puc. 25). OcHoBHas geranp ero —
mosasi JaTyHHas Tpy6ka a, cormytas no Kpyry. Ceuenne TpyGKH
uMeeT GopMy oOBaja W/ 3Jnca. Bepxuuit CBOGOAHBIN KoHel TPYOKH
3anasiH, a HUXKHHUH [IpUCOeNMHAeTCs K TOH 00-
JIacTH, TJe JIOJIKHO TpPOU3BOJHTBHCA H3MEpeHHe
IaByenusi. Bepxunii Koner TpyOKH COeJHHEH CO
CTPeJIKOil, KOTOpasi MOJKeT IlepeMellaThCsl Mo IIKa-
Je. Korja MaHOMETp coefHHsieTCsi ¢ 06JACTbIO
NaBJieHHsI, TO MOJ JHeHCTBHeM paBJieHHs TpyOka
HAyMHAeT pacKpy4yuBaTbCs, B CBSI3H C 4YeM ee
cBOOOIHEIl KOHeIl NlepeMelaeTcss M TSHeT 3a co0oii
ctpenky. [lo mokasaHMIO CTpeJIKH OINpeJessercs
NaBJieHHe B TOH 00JacTH, K KOTOPOH IOJKJ/IOYeH
MaHOMeTp.

['panyupoBKa IIKaJ MaHOMETPOB MPOU3BONUTCS
Ha 3aBojax, I'Jie OHH H3roToBJsiorcs. Ilpy:XuMHHLIE MAaHOMETPH NOJ-
JKHBI TIEPHOJIHYECKH IIPOBEPATLCA, TaK KaK C TEYEHHeM BPEMeHH Ipy-
XKHHBL (TpYOKH) Ae(OPMHDYIOTCS, HM3MEHsAs CBOIO MePBOHAYaJbHYIO
¢dopmy. C MOMOMIBIO MPYXKHHHBIX MaHOMETPOB MOXKHO OCYIIECTBJATH
M3MepeHHsi JaBJIEHHH B IMMPOKOM JuanasoHe. Hekoropwle crenunass-
HBIE KOHCTPYKIMH TPYKHHHBIX MaHOMETPOB IO3BOJISIOT MPOM3BOAHUTE
nuaMepenusi pasjenuii 1o 10000 am.

MemGpanHple MaHOMETPH B KauecTBE OCHOB-
HOH feTajqd HMeIOT MeMGpPaHy BOJHOOGPa3HOTO
ceyeHusi b, COeIMHEHHYIO CO CTPeJKOH, KoTopas
MOKeT IlepeMellaTbCsl IO CHelHasbHO Iporpaiuy-
upoBaHHOH wKaJje (puc. 26). [{aBsenwe, mopume-
JKalee H3MEPeHHI0, NOJBOAMTCS TMOJ HH3 MeM-
O6paHbl M IPOM3BOAUT ee Jnedopmanumic. B pe-
3yJbTaTe 3TOTO CTpeJKa IepejBHraercs MO IiKa-
Jie, OTcYeT 110 KOTOPOH H JaeT BeJHYHHY OIpeje-
JsieMoro JapJjieHHsi. VaMeHsiss pasmepsl MeMGpaHBI
H ee JKeCTKOCTb, MOXHO CO3]1aBaTh MaHOMETpHI
IJs1 M3MEeDeHHA DAa3/MYHBIX [aBJIEHHi, MpaBja, B

Puc. 26 CPaBHHTeJIbHO OrPaHHYeHHbIX Npenenax. B HacTo-
smee BpeMst MeMOpDaHHBIE MaHOMETDHl H3rOTOBJISIIOTCS JIMIUB  IJIs
u3MepeHusi jaBjeHui B Auanasone ot 0,2 no 30 am.

BakyymMmeTph. Bakyymvmerpamu HasbiBaroTcsi NPHGOPHI, CJIy-
JKalye [J5 H3MEDEeHHs BeJHUHHBl paspexenusi (Bakyyma). Ilpunnun
JeHCTBHA MEXaHWYeCKHX M KHIKOCTHBIX BaKyyMMETPOB H OIHCAaH-
IBIX BHIIE MAHOMETPOB OJMHAKOB, a MOTOMY HX KOHCTPYKLHS HOJ-
1HOCTBIO MOBTOPSieT KOHCTPYKLHMIO MaHOMeTpoB. Tak, HampuMmep, nefi-
CTBHE CYIIECTBYIOIIMX MEMOPaHHBIX BaKyyMMeTPOB OCHOBAHO Ha Aedop-
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Maiui MeMGpaHsl, Kotopast nporubaeTca Moj AeiicTBHEM aTMOC(hEepPHOro
NaBJICHHSI, TIOCJIe TOrO Kak TOJ Hee NOJABENEHO NOHHXKEHHOE JaBjleHHe
obsiacTH BaKyyMa.

Kpome Toro, cyiiecTBYIOT MNPHOOpH], Ha3biBaeMble MaHOBaKyyM-
MeTpamH, TpH TOMOIIH KOTOPBIX MOXKHO HM3MePATb KaK II0JIOKHTE/b-

Puc. 27

HOe JlaBJieHHEe, TaK M paspexeHne.
[MpyXuHHBIE BakyyMMeTphl pabo-
TAlOT Ha TAaKOM K€ INpHHIHIe, Kak
W NPYXHHHBIE MaHOMETpHI.

PTyTHO-uamieusbliii  BakyyMMerp
nokasad Ha puc. 27. IlpunsB 3a
HyJ b mKajel (puc. 27) ypoBeHb
PTyTH B HalllKe, BeJUYHHY BaKyyMa
MOXKHO ONIPeJeJHTb M3 YCJOBHS paB-
HOBeCcHS

Prak = Par — PoPpr ghnax- (53)

3akaHuMBas Ha 3TOM OMNHCaHHE NpPH-
GOpOB, CHAyXKaUlHX JJIsi H3MepeHHst
IaBJIEHHI, YKa}XeM, YTO WCUepIb-
BalOL[He CBeJeHHsI MO JaHHOMY BO-
NPOCY MOXKHO IOJYYHTb B KHHrE
M. K. >Kaxosckorol.

Mpumep 2. Onpemenuts H3GLITOYHOE H aGCOJIOTHOE T'HAPOCTATH-
yecKoe JaBJieHHe B THAPONHEBMATHYECKOM aKKyMyJIiTOpe, €CJIH BhI-

coTa NOJHATUS PTyTH B TpyOke pTyTHOro U-o6pasHoro MaHoMerpa
hp =150 cm (puc. 28). Onpepnensem:

p = purghy = 13600 - 9,81 - 1,5 = 200000 /%
Pace = Par -+ p = 98 100 -+ 200 000 = 298 100 /x2.

I M. K. )Kaxosckuii. TexHHKa H3MepeHH JaB/JEHHS U paspekeHus,

Mamrns,. 1950.
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Ipumep 3. Onpenenuts pasHOCTh AaBJeHHiT B pesepByapax A u
B, nanosnneHHbX Bojoii (puc. 29). PasHocTs ypoBHe# pTyTH B Ru(de-
PEHIHANBHOM PTyTHOM MaHoMerpe Ak, =50 mm. TpyGkH MaHOMETpa
HaloJIHEHbl PTYTbIO M BOOil 6e3 Bo3fgyxa. [laBjieHie B pesepByape
A Goabine, ueMm B pesepyape B. Iloab3ysach 3aBucHMocTeic (52),
HaXOJMM DPa3HOCTb JaBJIeHHUIl:

Ap = Ahp (pprg — pg) = 0,05 X

1T772
X (13600 - 9,81 — 1000 - 9,81) = 2D
= 6179 n/m2. e

Mpumep 4. Onpenennts Baky- Ag,=5%) oS0
yM B NOPLIHEBOM BaKyyM-Hacoce O5id
HBM-300, ecau mokasanue pryrt- -
Horo U-o6pa3Horo BaKyyMMeTpa
heax = 550 mm pm. cm. (puc. 30).
Ha ocroBanun  pasenctBa (53) Puc. 30

noJyyaem
pBEK == PpTg/zBaK = 13 600’9,81 ‘0,55 = 73 400 H/Mz.

Onpenenum Tenepb abCOMOTHOE [aBJjeHHE B STOM HACOCE, €CJIH
atMocdepHoe paBjeHHe paBHO 730 mm pm.cm. BricoTa crosbuka
PTYTH, COOTBETCTBYIOIIasi aGCOMIOTHOMY JaBJieHHIO, GyJer paBHa

hase = Par — Mgax = 730 — 550 = 180 mm,

CaenoBaTesbHO,
Pase = Ppr & Mage=13 600 - 9,81 - 0,18 = 24000 n/m?.

§ 11. YCJIOBHSA PABHOBECHS )XHJKOCTEH B COOBILAIOIIUXCS
COCYJAX

TIpUMeHHM OCHOBHOE ypaBHEHHe I'HPOCTATHKH AJSl YCTaHOBJICHHS
YCJOBHH paBHOBECHS XMJKOCTeH, HAXOAAUIMXCA B COOGIIAIOUIMXCS
cocypax. [lnsi pelieHdss NOCTaBJIEHHOH 3ajaud B o6uieM BHAe GyaeMm
paccMaTpHBaTh ABa COOOLIAIOIIMXCS COCyJla, HANOJHEHHBIX passHy-
HBEIMH, HECMeLIHBAIOHUMHC MeXAy Co60H KugkocTsMmu (puc. 31).
[Tpu 3TOM cOCyabl SIBAAOTCA 3aKPHITHIMH, a JABJEHHS Ha NOBEpX-
HOCTH KHJIKOCTeH Ppas3/HyHBbL

O6o3HauuM uepe3 p; H pp TJIOTHOCTH, a 4yepe3 pgo; H Po2 — AaB-
JIEHHs1 Ha TIOBEPXHOCTH XuJKocTell B cocyxax I um II. 3a niockocThb
CpaBHEHHMsl, IDHMEM TFOPH30HTAaJbHYIO IJIOCKOCTh, NPOXOJSLLYIO Yepes
JuHHi0 A — A pasjiena pasHOPOIHBIX KMJAKOCTeH, M ONpeAe]HM
BEJIHYMHY THAPOCTAaTHYECKOro JAaBJjeHHs B Touke C.

Torna
P1=po1 + P82
"
P2 = poz + 282z,
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rae 2z; M 2, — rayGuHB NOrpyxkennss Toukd C OTHOCHTENLHO MOBepX-
HocTH XkMakocTteiél cocynoB I n II.
Cuie10BaTeNIbHO,

por - p1g21 = Po2 + P2822,
HJIN
Po1 — Po2 = p2g2s — p182;. (54)

[Monyuennas ofmas 3aBucHUMOCTb (54), XxapakTepusywomias yCJIOBHs
paBHOBecHsT XKHJIKOCTEH B
I *p coofIaomuxcss  cocynax,
—_ N03BOJISIET IPOHM3BECTH pac-
— - * CMOTpPeHHE psfia YacTHBIX
) cJyyaeB.

~—-—\|Z |z &”_ yC/zyttaLi I. B cocyas
— |4 HaaMTa OJMHAaKOBas KHI-
—— = T —————— KOCTb, HO JaBJIEHHs Ha ee
L[ JJ MOBEPXHOCTH pasyuuHbl. To-

ria B CHJIy PaBEHCTBA

x
|
—
:m
N
I

Puc. 31 P18 = p2g = PE

por — Poz = pg (22 — 21). (55)
Cayuaii 11, B cocynpl HaauTa OJNUHAKOBAs KHUJKOCTb NPH OfH-
HAKOBBIX J1aBJIEHHSIX HA ee IMOBEPXHOCTH.

Tak kak p;@ = peg U por = Po2, TO
21 == 22. (56)

3nauynuT, B paccMAaTPHBAeMOM cJyuae KHMJIKOCTb B OOOHX cCOCyZax
Gyzer pacnosiaraTbcst Ha OLHOM YpOBHe.

Caywaii 111. B cocynsl HaJqMTa OfMHAKOBAasl JKUJAKOCTb; IIPH 3TOM:
1) ogMH cocyA OTKpHIT, a APYrOf 3aKpHT;, 2) AaBJEHHE XHJIKOCTH
B 3aKPHITOM cocyze 6oJsbile aTMOCQepHOro.

[TpexnosoxuM, 4TO OJHMH M3 COCYIOB, NpelcTaBJeHHbIX Ha pHuc. 31,
Hanpumep, cocyn II, 3akpbIT ¥ Ha ero NmOBEpXHOCTb AEHCTByeT JaB-
JIEHHE po > Par.

Torpa

P1 = Par + 0821 K pz =P, + pg2s,

OTKyJa B CHJIy PaBEHCTBA p; = P2

Po— Par
2 =2y ————— 57
2 1 0g ’ ( )
Po— Par
rpg —— — ﬂbe30MeTqueCKaﬁ BBICOTA.

P
Takum o06pa3oM, ypOBeHb IKHUJIKOCTH B pesepByape C GOJBIINM
AaBJICHHEM Ha IIOBEDXHOCTH OyJeT pacloJiOXKeH HHUXKEe Ha BeJIHYHHY
TNbe30METPHYECKOH BBICOTHI.
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Cayuaii IV, B cocympl HaJuThl PasHOPOJHBIE, HECMEIIHBAOIUECS
MeXJy cO60H 3IKHJIKOCTH C PasjHUHBIMH OOBEMHBLIMH BeCaMH, HO C
OJIMHAKOBBIMH J]aBJIEHHSIMH Ha IIOBEPXHOCTH.

Ha ocnoBannu ofmero ypaBHeHHsI paBHOBeCHS! 2KHJIKOCTH B CO-
obmaromuxcss cocynax (D4) B cHJy paBeHCTBA poi = Po2 MOXKHO
HanucaTtb

P1821 = P2gZ2.
CuieioBaTeNbHO,
P (58)

§ 12. OTHOCUTEJIbHBIA MOKOH YXUJIKOCTH

B uH)KeHepHOH IpaKTHKe pacCMaTPHBAIOTCS pasJHMYHBIE CJIy4au
OTHOCHTEJIbHOTO TOKOSI KMAKOCTH, T. €. IIOKOSl JKHAKOCTH OTHOCH-
TeJIbHO JBHIKYINErocss cocyja, B KOTOpbIH OHa moMemieHa. [lpu sTom
YaCTHIIBl XKMJKOCTH He IepeMellaloTcsi JAPYr OTHOCHTEJBbHO JIpyra H
IBHJKYTCSl BMECTe C COCYJOM KakK OXHO TBepJoe TeJo.

W3 MexaHuku TBepJOro Teja M3BECTHO, YTO YPaBHEHHE OTHO-
CHTeJIbHOTO IIOKOSI MOXKET OBITh MOJy4yeHO H3 OOILIEro ypaBHEHHs!
paBHOBecHsi NyTeM JOGaBJEHHs K JEACTBYIOUMM CHJIaM CHJI HHep-
IMH nepeHocHoro jpuxenus. ClefoBaTesbHO, IJIsS BBIBOJA ypaBHe-
HUSI OTHOCHTEJBHOTO IOKOsl XKHJAKOCTH H3 JuddepeHIHalbHOT0 ypas-
HEHHs1 paBHOBecHus (22)

dp = p (Xdx + Ydy + Zdz)

B CyMMy npoekuui ob6bemHBIX cusa X, Y, Z, OTHeCeHHBIX K €JMHMIE
Macchl, JOJIKHBI ObITb BKJ/IOYEHBI NPOEKIMH CHJI MHEPIHH Ha COOT-
BETCTBYIOIIHE OCH.

HauGonpunii nmpakTuyeckuii WHTepec NpeJCTaBJisieT YCTAHOBJIEHHE
3aKOHA paclpejiesieHusl JaBJeHHs B XMAKOCTH, HaxojgileHcs B co-
CTOSHHHM OTHOCHUTEJBHOIO IIOKOS, a TaKkxKe onpejeseHne (OPMEI II0-
BEPXHOCTH paBHOro namJjenusi. Vccienosarnue mposesem Ha npumepax
YacTHBIX CJ1y4aeB OTHOCHTEJbHOIO HOKOSI KHJKOCTH.

1. J)KuzkocTe 3amnosiHsieT OTKDHITHIH COCYJ, BpaLAONUHAC BOKPYT
BEPTHKaJIbHOH OCH C NOCTOSIHHOH YIVIOBOH CKOpocThio. B sToM ciyuae
JKHJIKOCTh OyJZeT HaXOJHTbcs IOJ JAEHCTBHEM CHJI TSKECTH H IIEHTPO-
6exXKHOH CHJIBI, YTO COOTBETCTBYET, Halpumep, paboTe XHJIKOCTHOrO
Taxomerpa (puc. 37) — mpubopa, cayxaulero AJjis ONpeJeseHus YxcJa
060poTOB BaJja.

ITpennonoxxkuM, YTO OTKPHITHI CBepXy COCYJ, 3alojiHeHHBIH
XHUJKOCTBIO, BpallaeTcss BOKPYr CBOeHl BEepPTHKAJbHOH OCH C IIOCTO-
STHHOH YIJIOBOH CKOpOCThI0 ® (puc. 32), a KMIKOCTb Bpallaercs
BMECTe C COCYJOM C TOi e yrsoBodl ckopocteio. CiefoBaTesbHO,
XKHJKOCTb OyheT HaXOAUThCA B COCTOSHHH IIOKOSi OTHOCHT €JIbHO CO-
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cyna, Oynyud mojBepieHa MeHCTBUIO [eHTPOOCKHOH CHJIBI, HOp-
MaJbHOH K OCH BpalleHHs ¥ pPaBHOH

C=me _molrt e, (59)

rie r — pajauyc BpalleHlis;
m — Macca XKHJIKOCTH;
U — CKOpPOCTb JIBHIKEHHSl, paBHas or.
[Tpoekiuy 1eHTPOGEKHOH CHJIbI, OTHECEHHbIE K €JHHHIE MacChl,
| Ha OCH X, Yy U 2 COOTBETCTBEHHO

paBHBIL:
B CP""" Cy =0%cos(r, x); Cy=
N Po = o’ cos(r, y); C,=0.
N ‘a | * Tak KaK KOCUHYC yria Mexay
L Y /1Y . HanpaBJieHHeM pajnyca Bpalle-
N\ 4 P HHF M OCBIO Xx:cos(r, x) =:);—,
ik - ﬁ\\\ a a 1Jf OCH y — COOTBETCTBEHHO
A o Y y
A P st 9= 1
_—/ 0TX
y ‘ Cx = '—r—— 0)2x
2
b4 Cy=" 0wty (- (60
Puc. 32 C,=0

PaHee Mbl yCTaHOBHJH, YTO MNPOEKLHS CHJIBI THXKECTH Ha OCb
paBHa g. CieoBaTesbHO, NMPOEKIHH BCeX OOBEMHBIX CHJI, OTHECEH-
HBle K €JMHHLE Macchl, 6yAyT IpelLCTaBJeHbl TAKOH CHCTEMOHi ypas-

HEHHUH:
X = 0%
Y =0 ¢. (61)
Z=g
[MojpcTaBuM moJyueHHble JaHHBle B ypaBHenHe (22). Torna
dp = p(0? xdx - 0® ydy 4+ gdz). (62)

[Tocne unTerpupoBanusi ypaBHeHus (62) moJyunm

p=p(f§2+‘32§y—2+gz)+c=%’f(x2+y2)+pgz+0=

= 27 (02 4 4?) + pgz + C. (63)

Ecan B3siTh HayaJo KOOpAMHAT Ha IIOBEPXHOCTH KHJKOCTH
(puc. 32), rae naBJeHHE H3BECTHO (OHO PaBHO aTMOCHEPHOMY Par),
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TO TMOCTOSIHHAs WHTErPHPOBAHUSI ONpeNeJUTCss M3 YCJOBHS, YTO
npu z=y=2=0 JjaBjieHHe p = p,r. CJenoBatenbHO, C = par.
Torna ypaBuenue (63) MoxkeT OBITH 3aIHCAaHO B TAKOM BUJE:

p = par + pgz + & (x2 + 4%). (64)
Tax kak x% 4 y?> =1r?% TO
p = par+pgz + 55 i (65)

3aBucumocTh (65) 1aeT BO3MOXKHOCTD ONpPEAEIHTb BeTHUHHY I'HAPO-
CTaTHYeCKOro JaBJleHHsl B JIOOOH TOuKe XKHJAKOCTH, HaXojsuielics
B COCTOSIHHH OTHOCHTEJIbHOI'O IIOKOS.

BbiBeleM ypaBHeHHe NOBepXHOCTeil paBHOTO naBseHHs. [Ipexmno-
JIOXKHM, UTO HaM HYXHO OTHICKATh NOBEPXHOCTb, Ha KOTOPOH HaB-
JieHHe BO BCcex Toukax paBHO p’. [loicTaBMB BeJMYHHYy 3TOTO [aB-
JIeHHs1 B 3aBHCHMOCTb (64), nosyuum

?
p’ — par = pgz + F)2— (** + y%). (66)

Tak Kak pasHOCTb JaBJEHUH p’ — par, COCTABJSAIOLIAS JIEBYIO YacTb
ypaBHeHusi (66), sBisieTcss H3BECTHOH M MOCTOSIHHOH, TO MOBEPXHOCTb
paBHOrO JaBJ/IeHHsi, Bpallasch BOKPYI BEepPTHKaJbHOH ocH, OyjeT
06pa3oBBIBaTH NMapaboJIoHJ BpaileHHus. Y pasHenHe (66) pas cBoGox-
HOIl TOBEPXHOCTH KHJIKOCTH, TJAe p’ = par, NPUBOJUTCA K O6oJsee
NpocTOMYy BHAY:

pgz + - (x2 + 4% =0,

HJH
0?r?
+5- =0,

28

®?2r?
[Tonb3ysicb 3aBHCHMOCTbIO (67), MOXKHO ONpefeNHTb BEJHYHHY BO3-
BhlleHHst A/ J11060H TOYKH, pacnoJ/iOXKeHHOH Ha cBOGOJHOH NOBepx-
HOCTH HaJ TOpPU30HTAJIBHOI KOOpIMHATHOH IJIOCKOCThbiO (pHC. 32).

Tak Kak ocb 2 HampaBJeHa BHHU3, TO
Ah = —
CJ1eJJ0BaTeNbHO,
©2r?

Pacnpenenenne ruapocTaTHyeckoro JaBJjeHMs Ha 3aJaHHOH ToOpH-
30HTAJbHOH HJOCKOCTH, pAacloJIOXKeHHOH, Hanpumep, Ha raybuHe a
OT HayaJa KOOpJHHAT, onpejensiercsi ypaBHeHueMm (65). ns srtoro
TEKYIlyl0 KOOpPAHHATY Z 3aMEHHM yepe3 a:

022
P=PaT+Pga+p :




INocnenniolo 3aBHCHMOCTL, YuMThIBasi ypaBHenue (68), MOxHO 3amnu-
caTb B CJEAyIOLleM BHJe:

p = par + pg (a + Ah). (69)

Tak xak cymma JByxX BesHuMH a -+ AA npencrtaBisier co6oit Ty1yGHHY
HOrpyKeHHst paccMaTpHUBaeMOH TOUKH B KHUJKOCTb TOJA KPHUBOJH-
HeHHOH CBOOOJHOH NIOBEPXHOCTBIO, TO B CJyYae OTHOCHUTEJHHOIO
TOKOSl THIPOCTaTHYECKOe JaBJEHHE OMpejesiieTcsi N0 3aBHCHMOCTH,

c AHAJIOTHYHOH OCHOBHOMY
rc 3aKOHY THPOCTAaTHKH:
| Pace = Py + pgh.
g = L_ _:: & L A/l,-r 3asucumocTs (68) npu
_ |

CBSI3b MEXKJY BeJHYHHOH
- BO3BbILIEHHS] A H yTJIO-
Boi ckopocThio ®. OHa
TIO3BOJISIET ~ ONpefessaTh

9 —- |8 = const ycraHaBJMBaer

f—o R — R 4KcJI0 0O60POTOB IUJHUHI~
¢ pa, ecJu H3MepeHa Be-

z JIMYHHA BO3BHILIEHHA AA,

Puc. 33 YTO M HCNOJIb3YyeTcsl NpH

KOHCTPYHPOBAaHHH  XKHJ-
KOCTHBIX TaXxOMeTPOB, KpaTKoe OINHCaHHe KOTOPHIX JaHO B IpH-
mepe 7.

2. JKuJKOCTb 3amoJIHseT 3aMKHYTBI CBepXY COCyJ, BpAIAOLIHi-
Csl BOKPYI BEPTHKaJbHOH OCH € IIOCTOSIHHOH YIVIOBOH CKOPOCTBHIO.
ITonyyennele EBblle 3aBHCHMOCTH, XapaKTepH3yIOIlMe 3aKOH pacnpee-
JIEHHsI JlaBJIeHHH B XXHIKOCTH, 3aloJHsIomed paBHOMEPHO Bpaliaro-
IUHACS OTKPHITHIA COCYJ, TMOJHOCTHIO NPHJIOKHUMEI H K DPABHOMEPHO
BpallaoeMycss 3aMKHyTOMy cocyay. B panHOM ciyyae HeOOXOJUMO
JHIIb ONpEeJeJHTh NOCTOSIHHYIO MHTerPUpOBaHHs B ypaBHeHuH (63),
COOTBETCTBYIOILYIO 3aJaHHBIM NOTPAHHYHBIM YCJOBHSM.

Ha puc. 33 nokaszan samkHyTHIEi CBepXy cOCyJ, Bpallalomuics
BOKDYI BePTHKAaJbHOH OCH M HMEIOUIHMI OTBepCcTHE B LEHTPE KPBIIIKH.
IMocTpoum ocu KOOpAHHAT X, y, 2 C HayajoM B Touyke O, pacroJo-
JKEHHOH B IeHTpe oTBepcTHs. [losaraem, 4TO COCyJ TOJIHOCTBIO 3a-
TOJIHEH XHAKOCThIo. B Touke O, rae x = y = z = 0, KaBjeHUe PaBHO
aTMOCHEPHOMY: p = par. DTO NOTpPAHHYHOE YCJOBHE OINpE/eJsieT Io-
CTOSIHHYIO HHTerpupoBaHus (63) paBenctBoM C = par. CilefoBaTeNbHO,
3JeCh CIpaBefJIMB YCTAHOBJIHHEIH Bblllle 3aKOH pacHpejesieHHst JaB-
JieHHsl, BhIpaxKawomuiics ypaBHeHueM (64). Ilpu 3Tom naBJjieHHE IO
njockocTH Ox TakxKe GyJeT OnpelessiThesi BHICOTOH €T0/10a XKUAKOCTH,
onpejesieMod no sasucumocTd (68).

Crenyer 3aMeTHTh, UTO yKa3aHHAsi BBHICOTa CTOJOMKA XKHUIKOCTH
Ah, onpenensiomasi THAPOCTATHYECKOE JaBJeHHe HA KPHILIKY COCYAa,
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siBisieTcs ycJioBHOH. OHa MoxKeT ObITh H3MepeHa NpH IIOMOIIY Ma-
HOMeTpa, YCTaHOBJIEHHOIO B KphillKe. Takum o6pasoM, B Touke O,
rge r = 0, BosBblleHHe YpoBHA Ak =0, a B Touke B, rpe r =R,
0)2
BO3BbIlIeHHEe OyJeT MaKCHMaJbHbBIM U PaBHBIM A/ =—‘)-gB , 4TO ompe-
JleMT BeJMYMHY THAPOCTAaTHYEeCKOro JNaBJieHHsl Ha KPHIIKY cocyia
B TOYKe B 3aBHCHUMOCTBIO
_ pw?R?
pPB = 9 -

OGumuil xapaktep paclpefeseHHs [aBJeHHS Ha KPBHILKY COCyla M30-
Gpaxaercss Ha puC. 33 KPHUBBHIMH
oC u OC'.

3. JKupxocTb 3amoJiHseT OT-

KPHITBIA  COCYJ, Bpallaiomuiics
BOKPYI' TOPH3OHTAJbHOH OCH ¢
TIOCTOSIHHOH YIJIOBOH CKOPOCTBIO.
IIpuMepoM cocyza, 3aMOJHEHHOTO
XKHJIKOCTBIO ¥  Bpallarolerocs
BOKDYr TODH3OHTaJIbHOH  OCH,
MOXKET CJyXHTb KOBLI BepxHe-
HaJIUBHOTO THJPaBJHYECKOIO KO-
Jleca, CXeMa KOTOpOro IIOKasaHa
Ha puc. 34. Tlpu BpaileHuH KO-
Jeca BOKpYr ocH Ox KHJIKOCTb
B KOBIIaX IpakTHYeCKd Oyguer Puc. 34
HAXOJUTbCS B COCTOSIHHH OTHO-
CHTEJBHOTO TNOKOs, TaK Kak Habmojawoleecss OTHOCHTEJLHOE JBH-
JKeHHe KHUAKOCTH B KOBUIAX OGBIYHO IIPOMCXOJUT C OYeHb MAaJIbIMU
ckopoctsiMH. [Ilostomy, mnpeneGperass yKasaHHBIM OTHOCHTEJbHBIM
IBHXKEHHEM M TOJb3ysCh NMPUMEHEeHHOH BHIle METOJHKOH, COCTaBHM
ypaBHEHHE paBHOBeCHs] MKHMJIKOCTH B oOJacTH TOUKH m (puc. 34)
U ompejfeuM JJs Hee IPOeKIUM OOBbEMHBIX CHJ Ha KOOpAHHATHBIE
ocu. Torpa

X =0 Y:mZRcoscpsRmz%zw‘zy;

o:R; ’
Z:u)stincp__gz_—RB._g=m22__g.

[ToscTaBuM TOJIyUYEHHBIE JaHHble B JH(depeHnHaNbHOe YpaBHEHHe
paBHOBeCHS
dp = p[w’ydy + (0’2 — g) dz],
HJIK TI0C/Jie I’IHTePpI/IpOBaHI/Iﬂ
p—p(S 5 ) C
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Jas Ttoro 4yrtoGbl MOJNYYHTh YypaBHEHUE MNOBEPXHOCTH paBHBIX JaB-
JIeHu#i, moJsoxHM p = const. Torxa

2,2 2,2
L2 gy =C,, mm y2+22—gg—z=£‘.

2 o2 02
2
[Tpn6aBuM K JieBOH M INpaBOH YacTsM IIOJYYEHHOr0 paBeHCTBA ;‘%
20z g G, &
2 2 -1
Y+ -+ =5+,
HJd OKOHYaTeJbHO
g 2
y2+(z—w—2) =C,. (70)

ITpn 3TOM HeO6XOAMMO OTMETHTb, YTO ypaBHeHHe (70) crmpaBeasHBO
U1 cJly4aeB, Korja z>§§.

CrepoBaTesbHO, TOBEPXHOCTH PABHOTO JaBJeHHsi o00pasyloT ce-
MeCTBO KOHI[eHTPHYECKHX KPYTOBBIX IHJMHAPOB C OChiO, MapaJ-
JeJibHOH ocH 2 u npoxojsiied uepe3 Touky O’. TlocsenHsis cMeliiena
BBEpX IO OCH Z HAa paccTosiHHe w-g—z INMono6HbME Ke UHJHHIpHYE-
CKHMH TOBEPXHOCTSIMH SIBJISIIOTCH M CBOOOJHEIE NMOBEPXHOCTH MKUIKOCTH
B KOBIIAX BepXHEeHaJMBHOro koJeca. CMellleHHe OCH 3THX LHJHHIPHU-
YeCKHX MOBEPXHOCTeH IO OTHOLIEHHIO K Hayajy KOOpAHHAT PaBHO

ga0e _ 505

rie n — 4ucjo oGOpPOTOB KoJieca B MHHYTY.
TlepefifeM K pellIeHHI0O HEKOTOPHIX UYHCJIOBBIX IPHMEPOB.
Mpumep 5. Ilpu oTauBKe
= GaHpaxa JAJs KoJieca C Lesblo
= 4 R h Tnpuzxanus cTanu 6oJsbled NI0T-
= = 772 HOCTH ¢opMa, B KOTOpOH OT-
JMBaeTcsl 6aHax, NPHBOIUTCA
£ i Bo BpauleHHe. Onpenennts us3-
——J ObITOYHOE JaBJleHHe B TOuKe A
D B HENOJBHKHOM H  Bpamawo-
mefica ¢opmax (puc. 35).
Puc. 35 Yucao 060poToB HOPMEI /1 =
= 120 06/murn, D = 1850 mm,
h = 300 Mm, TJIOTHOCTH pAacCIJIaBJIEHHOH OaHJAXKHOH CTaMH per =
= 7800 ke/m3. V3GuiTouHoe naBJjieHHe B HEMOABHUKHOH ¢opme
P1 = Per gh = 7800 - 9,81 - 0,3 = 22950 #n/mu2.
V136biTOUHOE JaBJeHHe NpH BpalleHHH, COrJAdCHO 3aBHCHMOCTSAM
(68) u (69), 6yner Gosbllle Ha BEJIHYHHY
Pe®?r? Perlt®

p_—-ﬂ—__.
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CienoBaTesibHO, HCKOMOE M3GBITOYHOE JaBJeHHE P BpALIEHHU
cdopmbl  paBHO

pc.r Per (7PN

pz = py + —5 = ps + T(so)

= 92950 4 180 (i“—_%(j-“’l—”_o) — 531950 #/u2.

Mpumep 6. Onpenenvts cHly oceBOro AaBJeHHss P, Ha BepXHH
06071 paGouero xKosieca THAPABIHYECKOH TypOHHBI, ecai FHJIpOAHHA-
MHUYECKoe JaBJieHHe Yy Ie-

pugepun pabouero KoJieca | \ /1'
paBHO p = 6 am (puc. 36). ah \ /|
Juamerp Xoseca TypOHHBI ’ zfh 7
D =2000 mm, uucio obo- 7 _...__L el A
poroB  n =300 o6/mun. — == T S N Y
Hckomas cusia oceBoro jas- V73 W )

senust P, Gyner pasHa Bep- 5
THKaJBbHOH  cOCTaBJsoONIeH
CHJIB JI@BJICHHSl KHJKOCTH
Ha KOJeco TypOWHBI.

YKasaHHasi BepTHKaJb-
Hasg COCTaBJsloIlAs paBHA
P,=0gV, rne V — o6pem
XKuakoro tesna. B paccmar-
pHBaeMOM cjydae oOBeM

s D
JKHJIKOTO Te/la paBeH o6beMy LHJIHHAPA AuamerpoM D u BricOTOH oz
= 60 M, CJIOXKEHHOMY C o6beMoM NapaboJioMa BpalleHHsl BLICOTOH
2
Ah = ..;, corsiacHo 3aBucumoctd (68). Toraa cuna oceBoro naabie-

s P,

Puc. 36

TaK KdkK
© = 2zn
60
n
D
r = —2—,

€CJIH MPEeANnoJOXHUTb, YTO yIJoBasd CKOPOCTb BpalieHHA ® KoJjeca #
BOJbI OJHHAKOBA.
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CiiefoBaTesbHO,

P, =9810- 9,81 -

3,14-2276-
[9810 - 9,81 + 4.981

98100 1 3,14 - 300 - 2\27
60 -

= 2630000 ~.

Mpumep 7. Bomie orMewasnock, 4To JJsi M3MepeHHsi uucaa 06o-
poTOB Bajia MOryT ObITb MCHOJbL30BaHbl 2KHJKOCTHEIE TaXOMETPHI,

wZEIITS
L3 rayeal §
4 e

Puc. 37

OPUHUMI paboTHl KOTOPHIX OCHOBaH
Ha TEOPHH OTHOCHTEJBHOTO IIOKOSI
JKHAKOCTH.

Ha puc. 37 nokas3ana cxema ru-
JpaBiuyeckoro Taxomerpa. OH co-
CTOUT M3 Baja I, BOCIPHHUMAIOILETO
CKOpPOCTb BpallleHHs1 BaJia MalllHHE,
C HAaca)KeHHBIM Ha HEro JHCKOM,
HMEIOMIUM pajiHajibHBle H  OCeBbie
KaHa/bl. JIMCK NOMelneH B repMeru-
YeCKH 3aKpHITYI0O KaMepy 2, 3aIoii-
HEeHHYI0 MallHHHBIM MacJioM. Kame-
pa coefMHeHa C IIbe30METPOM 3,
noMemeHHEIM Ha ikane 4. Ilocpen-
CTBOM ITbe30MeTpa MOXKHO H3MEpSThb
JlaBJIeHHs, BO3HHKaIOMHe B Kamepe 2
npu Bpauenuu aucka. Illkana nbe-
30ME€TPa HAHOCHTCS ONBITHBIM NyTeEM.
Tlpu BpaiieHud AHCKA B IKHIKOCTH
Pa3BUBAIOTCS L EHTPOOEKHBIE CHIIBL,
a B KaMepe YyBeJHYMBaercsi JaBJe-

HUe, 4TO OTpaXkaercs Ha II0OKa3saHUAX IIbesoMeTpa.
IlpeamosioxXuM, 4ro B pesysbTaTe BpAIEHHs] JKWCKA Mbe30METp
noxasan orcuer H = 0,85 u. OnpefiesuM uKca0 06OPOTOB BaJjia, eciH
paauyc aucka taxomerpa paBen R = 0,20 m, a mnoxkasaHue Inbeso-
MeTpa IpH OCTaHOBKe TaxomeTpa Takoe: i = 0,35 m.
INonnsysice dopmyaoii (65), ompelenuMm naBjieHWe, KOTopoe Oyner
BO3HHKATb B KaMepe y HapyxKHOH NOBEPXHOCTH JHMCKa:

pw?R?

p:

C zpyroii CTOpOHBI, 5T0 JaBJieHHe NOKHO OBITH PaBHO

p =pgh,
rie H — BhicoTa cTos162 XKUIKOCTH B Ibe30METPHYECKOH Tpy6ke 3.

Tornma \
2R‘
ng = 902 + pgh’
U -
[O)
H—h= % "
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2tn  nn
3aMeHHH o = ?0— = 3—0, OKOHUaATeJbHO noxyqaeM

— RV g H—=h. (71)
R
HO)ICT&BJIHH B HaﬁﬂeHHy}O 3aBUCUMOCTb 3aJaHHble UHCJIOBBIC 3HaA-

YCHHd, OIpeAeJuM UYHCJIO O60p0TOB BaJia:

_ 30Y SET085—035) _
n= ) — 1495 06/ mun.

§ 13. 3AKOH MACKAJISI H Er0 NPAKTHYECKOE NPUMEHEHHE

[Tpeanosnoxkum, YTO B 3aKPBITOM COCYAE, H3006paxKeHHOM Ha puc. 38,
B 06sacTH TOYKH A yCTaHOBJIEH MOpLIEHb, KOTOPHLI MOXKeT OKasbl-
BaThb JlaBJeHHE Ha HEKOTOPYIO 4YacThb
HOIPAHHYHOI TTOBEPXHOCTH JKHIKOCTH.
Ilycts mopuieHb coO3[aeT JaBjeHHe

p ke/m.

BeauyiHa THAPOCTATHYECKOTO JaB- U0} —
JeHHusi B JHOGOH TOuKe XHAKOCTH mojg- |— — 4 — —
YHHSIETCS] OCHOBHOMY YpaBHEHHIO TIH- — -

ocTaTHKH (33
Ap (33) o ; P_

p = p, + pgh.

UneH pgh 3aBHCHUT TOJIBKO OT Beca
cTO0JI6a XKHUJKOCTH BEICOTOH /1, NO3TOMY
HaCKOJIbKO M3MeHHM JaBJIEHHEe p, B
Toyke A TOX TOpIIHEM, POBHO Ha- Puc. 38

CTOJIbKO H3MEHHTCs HAaBJieHHe p B JIo-

Gofi TOUKe BHYTPH XKMIKOCTH. B rujppaBinke 3TO NOJNOXKEHHE HOCHT
HasBaHHe 3aKoHa [lackaus.

3akon Ilackana MoxeT ObITb COPMYJIHPOBAaH CJELYIOLIHM oOpa-
30M:

Brewnee Oasnenue, npou3sooumoe HA NOSPAHUYHYID NOBEPXHOCHb
oudKocmu, HaxoOawelca 8 pasHosecuu 8 3aMKHYmoOM cocyle, nepeda-
emcs 80 6HYMpPoL HUOKOCHU 00UHAKOBO 6CeM ee 4acmuUyam.

3akon Ilackans uMeer BecbMa IIHPOKOE MpPHMEHeHHE B TeXHHKe
M HCIOJBb3yeTCs fipH KOHCTPYHPOBAHHH DPasjHYHBIX THAPABINYECKHX
yCTaHOBOK, JeHCTBHE KOTODBIX OCHOBAaHO Ha IMepejade JaBJjIeHHs
BHYTpH KXHAKOCTH. B yacTHOCTH, Ha 3TOM 3aKOHe OCHOBaHa padoTa
THAPaBJNYeCKHX NPECCOB, THAPABIHYECKHUX MNONBEMHHKOB, THIpAaB-
JIMYECKHX TOPMO30B H T. 1.

FnppaBiUYecCKHEe yCTAHOBKH, OCHOBAaHHBIE HAa T pH-
MeHeHuu 3akoHa I[lackamaga. B 3agauy Hamero kxypca He
BXOJUT ONHCAHHE BCEro MHOroo6pasisi NPHMEHSIOUUXCS T'HApaBJIH-
YeCKHX yCTaHOBOK. I103TOMy MBI paccMOTpPUM JIHIIb THAPAaBJIHYECKHE
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fipecchl, a Takke THAPABIHYECKHE AKKYMYJATOPHl H MYJbTHIJIHKA-
TOpHI, HCIOJIb30BAHHE KOTOPBIX TECHO CBS3aHO C 3KCILIyaTalueil ru-
APaBJHYeCKHX MPEeCCOB.

Tunpasanueckuii mpecc B oOHIeM cJydae COCTOHT H3 JBYX Kamep
A U B, coepuHeHHBIX MeXAy coboii Tpy6ompoBoiom (puc. 39). B
KaxIoi M3 Kamep HMMeeTcs No nopmHio. B 6osbluefl kamepe B ycta-
HOBJIEH mopuleHb [I, NJIOIANBIO 0y,
a BMeHblIeH — ropiueHb /7, nJomaasko
o;. Ecam Kamepnl npecca 3amoJHHTB
KHIKOCTBIO H K MopuHiO [, npu mo-
MOIM Hacoca HJIH HHOrO YCTPOHCTBA
NPUJIOXKHUTL culy P;, To mnox HuM
CO31aCTCA CpeJHee 1aBJEHHE p;, PaBHOE

!

oy’

P1=

[To sakony Ilackans 310 cpexmee
JiaB/IeHHe p; TepelaeTcs BO BCe TOYKH JKHIKOCTH H, B YAaCTHOCTH,
B OCHOBaHHEe GoJbIIOro nopuiHsi [1,. DTo n06aBouHOE AaBJEHHE p,,
Gyayuyd HanpaBJIEHO HOPMAJbHO K OCHOBaHHMIO mopiuHs [1, co3xaer
cuay P,, paBHyio P,= w,p,, KOTOpas CMOXeT npeccoBaTb Tejao C
(puc. 40), s3ak/OYeHHOE MeX Ay NOpPIIHeM [I, W HemoJBUXKHOM ILIaT-
¢dopmoii. Takum ob6pasom, mpec-
cylouasg CcuJja, Tnojydaemass B

THApaBJHYECKOM IIpecce, paBHA { ]

Py=up, = 2P, (72) ¢
CaenoBartenbHo, cuaa P, Bo ’ I
CTOJIbKO pa3 Gosplile CHJIBL Py, r@

TPHUJIOKEHHOH K MaJIoMy MOPLIHIO,

BO CKOJIbKO NJIOWAAb ® GOJIbIIE Bl« ,
miomanu o,. Cuna P; 06buHO |
CO3/laeTcsi TpH TOMOLLH NOPLIHe- &

BOro Hacoca, KOTOprﬁ OJHOBpe- J -
MEHHO HaKauuBaeT KHJAKOCTbH B Ka-

Mmepy npecca. B kagectBe paGo-
yeH XM JIKOCTH Yallle BCero HCMoJb- Puc. 40
3yl0TCSl TeXHHYecKHe MacJja.

Janum BbeBop ofulell dopMyJibl, XapakTepusywlled pa6ory mpo-
CTOro THpaBJHYECKOro npecca, npefcranJjenHoro Ha puc. 40. [Tpumem
caefyiouie o0603HayeHHs: a — GoJblloe INJedo phlyara (pyKosTKa
Hacoca); b — Majoe mjeyo peiyara; Q — cusa, npHKJajiblBaeMas K
PYKOATKe Hacoca.

Hanucas ypaBHeHHe MOMEHTOB

Qa=P1ba




10JTy UM
' a
Pl == Q ‘3‘.

IMojcTaBuB 3HaueHHe CHJABl P; B 3aBHCHMOCTB (72), moJyunm

dopMysy a5 ompefelieHus Toi cuanl Q, KoTOpas NOJKHA ObiTh
NPUJIOXKEHA K PYKOSITKE Hacoca JJIs ToJIyYeHus Ipeccyromei cuabl Poy:

0y Q

P,=22P,=2-0Q, (72')
1 1

HJIA

w b V3

@axkTHUECKH IoJlyuyaemasi CH-
aa P, 6yleT HeCKOJbKO MeHblle
TeopeTHYEeCKOH, onpenesnseMoin
3aBHCHMOCTBIO (72), BCJeACTBHE
HaJMYUs TPEHHS MeXAy mopul-
HAMH U HHJMHApaMH. DTO yMeHb-
I[IeHHe OlleHHBaeTCs K. I. J. TH-
I paBJIMUECKOr0 Mpecca, KOTOPLIH
B cpeaHeM paBeH % = 0,80,

Ha puc. 41 npuBegena TuIo-

Bass KOHCTPYKTHBHasi cXema Co- /
BpeMeHHOro THJPaBJIHYECKOr0o E
npecca. CraHHHa npecca COCTOUT
U3 ITIOCTaMeHTa &, KOJIOHH 4 H Prc. 41

BepXHeil HeloJABHXHOK Momnepeyu-

Hpl 3. [siaBHBI paGouuii n/yHXep 2 XOAUT B TJaBHOM paGoueM ilH-
JuHApe I ¥ TNPHBOAUT B JABHXKEHHE TIOJBH:KHYIO TONEpeuHHy 6,
coobuiast eii nBmKeHue BHH3. JKHAKOCTH OT Hacoca BBLICOKOIO JaB-
JeHHsi nopaercss B pabounii uMauHAp I uepes Tpy6ky 9. Ilpecco-
BaHHE NPOHUCXOLHT MexKIy IOABHKHOH IONEepeYrHoH 6 H I0oCTaMeH-
TOM §, TJe pasMmelnarorcss pabouHe MHCTPYMeHTHl (6OHKH, LITAMIIBI
u 1. n.). Has mnoabema NOJABHXKHOH IONEPEUHHbI CJYKUT BCIOMO-
raTesbHbiH (NOLBEMHbII) HHJIHHADP 7 CO BCINOMOraTesbHBIM (IIOZbeM-
HbIM) TIyHMKepoM 8.

Ha puc. 42 naH obmuil BHJ THAPABJHYECKOrO JIMCTOLITAMIOBOY-
HOTO Tipecca ¢ JAByMf DPaGOYMMH UHJIMHJDPAMH, CO3[AIOUIUMH YCHJIHE
B 1000 m.

FuppaBauyecKHe AKKYMYJATOPH U MYyJAbTHINJH-
KaTopbl. [Ipn paGoTe rHApaBIHYECKHX IIPECCOB IIHPOKO HCIOJMb-
3yl0TCsl THAPABJHYECKHE dKKyMYJSATOprl. OHH MpenCTaBJsOT CcoGoil
YCTaHOBKH, KOTODBI€ HAKaIUIMBAIOT *HJAKOCTb, [01aBAEMYI0 HACOCAMH
B TepHOJ XOJIOCTOTO XOJa IIpecca, M OTHaloT ee mpu paboueM Xxoze
npecca. CienoBaTe/bHO, aKKyMyJsiTOp ofecreynBaeT pafoTy Hacoca
C MOCTOSIHHOH HarpysKod, COOTBETCTBYIOUIEH cpejHeMy MOTPeG/IeHHIO
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XKUAKOCTH mpeccaMu. Kpome TOro, oH SIBNSieTCst peryJisiTOPOM CTATH-
YeCKOro JaBJieHHs1 B CETH.

B TexHHMKe TMpHMEHSIOTCS JBa OCHOBHBIX THIA THAPABJHYECKHX
aKKyMyJIATOPOB: BO3AyLIHBIE H TIDy30Bble. [I/1f NOSICHEHHsI TNPHHIMNA
paboThl THIPABJAMYECKOTO AKKyMyJsiTopa pacCMOTPHM THApaBJjHye-
CKMH TPY30BOH aKKyMyJsiTOp, NPHHIHIHAMbHAS CX€Ma KOTOPOTO MO-
KazaHa Ha puc. 43. OH coCTOHUT U3 paGoyero LMJMHAPA, B KOTOPOM
T[IOMeIAeTCs] MAaCCHBHBIA MJTyH-
xkep Il puamerpoM D u mmo-
maznpio o. Ha nayHxep Ha-
neBaeTcst Kopombicyo K ¢ mog-
BEelIEHHBIMH K HEeMy Tpy3aMi.

PaGounit HHIMHAP TIPU MO-
MoOmH TpyObl COefHHSIETCS C

s
il

o | .
. Jl‘h,,pl"“"‘”"« , HACOCOM, KOTOPHIil MPOH3BOJHT
o

1

.

Z\
A

(222777

R
Q

)

7

¢
L

i e
i m cKon.
=L 7906eMHUAY

Puc. 42 Puc. 43

3apsilKy aKKyMyJasTopoB. Bo BpeMsi 3apsiiKH Hacoc HaKauMBaeT B
paGouuii HUJIMHAD pabouylo XHAKOCTb (TeXHHYecKHe MacJia) IIOf
JaBJieHHeM, OGeCTeynBaloOIM NOJBbeM IJIyHKepa C I'PYy30M Ha BBICO-
Ty h. JlaBieHHe, HeoGXoAHMOe HJIsl 3aPAAKH aKKyMyJsaTopa, AOJKHO
6bITH PaBHO

p=GtFﬂmi

rie G — Bec IAyHXKepa akKyMyJsTopa C rpysaMmu;
F —cuyna TpeHHsl B YIVIOTHEHHH.
[Mocsie mogbema MJyHXKepa Ha BBICOTY A B aKKyMyJsITOpe CO3ja-
erca 3anac sHeprun Gh Osic, a XKMIKOCTb HAXOJUTCS NOJ JIaBJeHHEM

p= —S— n/m%. Cxarasi XKHMIKOCTb, TOJABOJAMMASL IIO CIENHAJbHOI
TpyOKe K paGoyeMy UHIHHAPY THAPABIAHYECKOro Mpecca WM APYroi
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aHaJIOTMYHOH yCTaHOBKE, NPOH3BEeJeT HeoOXoaumylo paGoTy, HCTpa-
THB 3alaceHHyl0 B akKKyMmyJasTope sHepruio. Ilpm sTom paGora, co-
BeplllaeMasi IIIYHXKEPOM aKKyMynsTopa, Oyner paBHa W = poh, a3a
BBIYETOM MOTepb B LHUJHHAPE aKKyMyJsaTopa

WSCMJ = ’Y]W = *qpmh 00/0,

rae m — K. . . THIPAaBJMYECKOTO LHUJIMHIPA aKKyMyJsTopa.

Ilns yeenvueHusi NaBJEHHS B KUIKOCTH, HarHeTaeMOH H3 aKKy-
MyJisiTopa B paGouMil UMJIMHAP THAPABJMYECKOrO IIpecca, NPHMEHS-
I0TCH T'HApaBJHYecKHe MYJAbTUILIHKATOPBl. DTO HEOOGXOIHMO B TeX
ciyyasix, KOrja THApPaBJHYeCcKHH akKymy-

JISITOpP He MOXeT oGecrneyuTb NoJayd KHIKO- -~F
CTH B IIpecc MOJA HeoO6XOIUMBIM paBaewueM. ... \.rrrr.

Ha puc. 44 npepcraB/ieH rHMIOBOH THJ-
paByMyecKUil MyJbTHIIHKaTOp. OH COCTOMT
U3 HemoJBMKHOro pabouero uuMHipa I,
B KOTODOM TIOMellleH TMOABHXKHBIH IyCTO-
TeJIBlfi TJIYHXKep 2, HapyXHBIH [QuameTp
Kotoporo Dy BHyTpH mnnyHxKepa 2 Haxo-
IMTCSl HENOIBMXKHBIA NJAYHXKep 3 C HapyxX-
HpIM avamerpoM Dy < Dy, mo 0ocH KOTOpO-
ro rmnpoJioxkeHa TpyOka 4, coelHHEHHasi C
npeccoM. [napaBanyecKMii MyJbTHILIHKATOP
paGoTaer C/EAYIOWHM O0GPA3OM: KHIKOCTD, 73y e prrmrtst 7y

cxaraa B aKKyMyJ/siTOpe, IIOJaeTcss B LH- P
JuHAp [ ¥ moJHMMAaeT BBepX IJAyHKep 2. -L
OnnoBpeMeHHO KHAKOCTb MO COEIHHHTENb-

HOMY OTBepcTHIO 4 TMOCTyNaeT H3 II0JIOro Puc. 44

nayHxepa 3 B mpecc. B cuny Hemoxsuxk-

HOCTH IUIyHXKepa 3 IJIyHXep 2, NMOAHUMAsiCh, OKasblBaeT [aBJIeHHe
Ha JKHJIKOCTb, Haxojsllylocs BHYTpH Hero. [lo3ToMy *KMIKOCTb BHI-
TecHsieTc 1O TPyOKe, IIOMEIeHHOH BHYTPH HEMOABHKHOIO IJIyH-
xepa S, M nepefaercsl K THAPABJIMYECKOMY IIpeccy C yBeJHYeHHBIM
IaBJeHHEM N0 CPAaBHEHHIO C JaBJEeHHeM, KOTOpOe CO3/iaeTcsl akKKy-
MYJISITOPOM.

Mpumep 8. Omnpenenuth, Kakoe ycuane @ HOMKHO OBITH MPHJIO-
EHO K PYKOsITKe NMOPLIHeBOro Hacoca, NpeACcTaBJeHHOro Ha puc. 40,
4ToGhl THIpaBJMyYecKuil mpecc cxuman teso C ¢ cuaoit P = 30000 ~.
Huamerp nopumns Hacoca d =5 cm, nuamerp mJyHxepa npecca D=
=30 cm, Bec Tesa C u nayHxkepa — 2000 #. JlamHa pyKOSITKM Ha-
coca a =25 cm, nnuHa nyeda b =05 cm. Ha Tpenne B MaHxKerax
npecca TepsieTcs: 5% yCHJIMS, BO3HHKAIOMIErO MOJ MJIYHKEPOM Ipecca.

OnpenesuM cHavyasa Ty CHJY, KOTOPYIO HEOOXOIHMO IPHJOXKHTB
K IJIyHXKepy Impecca:

P, = PO—;—SG _ 30 00(());‘-5 2000= 33 700 #.

5 a. A. Yruuuyc 55




CpenHee naBjleHHe TOJ, IUIYHXKEpPOM Mpecca JOMMKHO ObiThb PaBHO
p= 5-)32, a cHuJa, TpHJIOXKEHHass K TMOPLIHIO Hacoca:
T

[Nostomy HCKOMOe ycujne Q cocrabiseT

b b [d\? 5 (5\2
Mpumep 9. Onpeneanuts nuamerp uuauHApa D nayHxkepa rup-
paBJMYeCKOro akkymyJsitopa (puc. 43), NpPHBOJSAILEr0 B JIBHUKEHHE
TUJpaBJUYECKUIl NOJBEMHHK, KOTOpBIH paGoTaeT MOA JAaBJieHHeM 3 am
1 nosxed moxHumath rpy3 G = 20000 # Ha BHICOTY H =5 M. BBI-
coTa xojia TJyHXKepa akkymyJasitopa i = 1,5 m, K. . 1. NOABeMHHKa
M = 0,45, k. 1. 1. akkymyJastopa 7, = 0,80. Koaddunuent noJes-
HOro JeHCTBHSI CHCTEMbl paBeH OTHOLIEHHIO NPOM3BEJIeHHOH IOJIe3HOH
pa6otsl GH K 3Hepruu, H3pacxXoJOBaHHOH akkymyJasaTtopom pW, rie
W — paGouuii o6beM ruapaBJH4ecKOro HLHJHMHIpPAa aKKyMyJsiTopa:

Ne = W = Nan.

CaienoBatesbHO, pabouMii o6beM aKKyMyJsiTopa JOJ/KeH CBITb PaBeH

-, __ GH
4 Py’

H COOTBETCTBEHHO AHAMETp ILJIyHXKepa

D1/ _4GH_ / 42000 - 5 B
- wh Tcp'qa'qn l/ 3,14 -30000-0,80-045-1,5

= 0,687 .

§ 14. ONPEAEJIEHHE CHJIbl NMOJIHOTO JABJIEHUS )XUIKOCTH
HA NJIOCKHE ®HUT'YPbl

Cuna nonnoro paBaeHHsi. OnpenenauM cujy NOJHOTO 1aB-
JIEHVs1, HEHCTBYIOUIEr0 Ha MOTPYKEHHYIO B JKHAKOCTH IJIOCKYIO (DH-
rypy AB, pacroJIoXKeHHYIO NepHNeHINHKYJSIPHO K IJIOCKOCTH 4epTexa
U HAaKJOHEHHYIO K TOPH30HTY noj yryoM a« (puc. 45). Ilnomans ¢u-
rypel 0603HauuM yepe3d o. Takasi ¢urypa MomeT SIBIATHCS, HampH-
Mep, YaCTbi0 HAKJIOHHOH CTEHKHM pe3epByapa HJH NJOCKHM OTKHAHBIM
KJIalaHoM, CJIYXKalluM JJIsi ONOPOXKHeHHs1 He(hTeXpaHHJHIIA.

3a ocb KOOpAMHAT y TpPHUMEM JIHHHIO, COBNAJAIONIYI0 C IpOeKuned
¢urypel AB Ha NJIOCKOCTb YepTexka, NMPOJOIKHM 3Ty JIMHHIO JO Ie-
peceyeHHsl ¢ YPOBHEM CBOGOJHOH NOBEPXHQCTH KHUJKOCTH B Touke O.
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W3 Touku O mpoenem ocb Ox, HOpMaJibHYIO K HanpabJeHHio AB.
Bynem mbicienso epamarte ¢urypy AB Bokpyr ocd Oy Tak, 4TOGHI
3Ta (Urypa COBMECTHJAch C IJIOCKOCTBIO dYepTexa. Brifenum Ha
nJomanu GUrypsl GECKOHEYHO MAJyio ITOJIOCKY BBLICOTOH dy, morpy-
JKEHHYIO B JKHIKOCTb Ha Tuy6uny A. Ilpu 3TOM pacCTOAHHE TOJIOCKH
ot ocu Ox paBHO y, a MJOMAaAb NOJOCKH — dv.

AGcomoTHOE THApPOCTATHYECKOE NaBJeHHe B 06/1acTH GeCKOHeYHO
MaJsioi TOJIOCKH MOXKeT ObITb HpH-
HATO paBHBIM

Pace = po + pgh.

Torpa saemenTapHas cHJa nas-
Jennsa dP, npuxopsmasics Ha
HOJIOCKY, OIpeJNeNUTCs 3aBHCH-
MOCTBIO

AdPase = dopas. = (po + Pgh) do.
(73)
PaccMorpum TPEYTroJIbHUK
OMN (puc. 45). IIBe cTOpPOHHI €ro
H3BECTHBI: CcTOpoHa MN =h u Puc. 45
cropora NO =y. CrenoBares-
HO, h = ysina. 3amenuB B ypaBHeHHH (73) h = ysina, mosyuum

dPasc = pydo + pgy sin ado, (74)

Ilns ycTaHOBJIeHMSsl CHJIBI TIOJIHOTO aGCOJIIOTHOTO NaBJEHHsI, NEHCTBY-
IOIero Ha IJOCKylo ¢urypy AB, npouHTerpHpyem Boipamenue (74)

N0 NJomaflH o:
Pase = SPod‘” + (egy sin ado = p,o 4 pgsin af ydo. (75)

Unrerpan g ydw mpepncTaBJsieT co60H CTaTHYECKHH MOMEHT IJIONA M
o
¢urypel AB otHOcuTesnpHO ocu Ox:

(ydo = oy,

(0]
Tle Yo — PACCTOsSHHE IEHTpa TsXKecTH mjomanu ¢urypsl AB o
ocH Ox.
h
W3 rtpeyrombunka OMN. ycraHaBsvMBaeM, YTO yc=ﬁ, rae

he — rjiyOUHA TIOTPYXKEHHs LEHTpPa TAMXKECTH NJOWamd GHIypsl B
x)upkoctb. Torza
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OxoHYaTebHO MOJYYHM

pg sin aoh,

= po® + pgoh. = o (p, + pghe). (76)

Pase = poo sina
IIpn 3TOM CHJIa TOJIHOTO H3GBITOYHOrO THAPOCTATHYECKOrO NaBJICHHS
paBHa P = wpgh..

CriefoBaTesibHO, CHJIA MOJHOrO aGCOJMIOTHOTO JaBJIeHHsl, JEHACTBY-
IOIIEr0 Ha IJIOCKYIO (GHUrypy, HOTPYKEHHYIO B KHMAKOCTb, BHIpaxKa-
eTcsi NPOM3BeJeHHeM IJIOmAnH (GHUryphl Ha BeJMUHHY aGCOMOTHOrO
THIPOCTATHYECKOrO [aBJeHHS] B ee LeHTpe TskecTdH. CHsa MOJIHOrO
U36LITOYHOrO THAPOCTATHUECKOrO JIABJIEHHS paBHA BeCy CTOJGA 3KH -
KOCTH, OCHOBaHHEM KOTOPOro sIBJISIETCSl MJOMagb (HTYPH, a BHICO-
TOi — rJIyOMHA TOTPYXKEHUS LEeHTpa TsXKeCTH (GUTypbl B KHIKOCTb.

[lenTp KaBJeHHUS. DosblIOf NpakTHYeCKH# HHTepec mpen-
CTaBJIsieT HaXOXKJleHHe LEeHTpa JaBJeHHs, T. €. TOYKH, TIJie IMpuJo-
JK€Ha CHJIa TOJIHOTO T'HAPOCTATHYECKOro NaBJjeHHs. [losiokeHue meH-
Tpa [aBjieHUsl HE 3aBHCHT OT BeJHYHMHBI CHJIBI aGCOJIIOTHOIO JaBJIEHHS,
a 3aBHCHUT TOJIBKO OT BeJMYHMHBI CUJIBI H3OBITOUHOIO JABJEHHs, Heii-
ctBytomero Ha ¢urypy. IlocnenHioo 1 GyleM y4UTHIBATb NPH OIpe-
JeJIeHHH TOJIOXKEHHs! IleHTpa NaBJIeHHS.

YcraHoBUM MOJIOXKEHHe [eHTpa H3GLITOUHOrO JaBJIEHHS JJs IJOC-
roctH AB (puc. 45). VI3 MexaHHKH H3BeCTHO, YTO MOMEHT paBHO-
IeHCTBYIONIEH CHJBl OTHOCHTEJNbHO BHIOPAHHOH OCH paBeH CyMmMe
MOMEHTOB CHJI €e COCTaBJISIOUINX OTHOCHTENLHO TOH e ocH. B Ha-
eM cJydae PaBHONEHCTBYIOIEH CHJIOH SIBJSETCS CHJA [OJHOLO H3-
GHITOYHOrO THAPOCTATHYECKOTO J(aBJIeHUsI

P = wpgh. = wpgy.sina,

a COCTaBJISIIOUIMMH CHJIaMH, H3 KOTODBLIX cJaraercs cuja P,— cuunl
3JIEMEHTAapHOrO H3OBITOYHOro AaBjieHHsi dP = dwpgh, npuxopsimuecs
Ha GecKOHeUHO MaJible MoJNockKH dw. CocTaBHM BbIpaxkKeHWe MJsl dJe-
MEHTapHOTO MOMEHTa OGECKOHEeYHO MaJioH CHJIBl dP OTHOCHTEJNLHO OCH
Ox, yuuTeiBasi, 4T0 A = ysin a:

dM = dPy = dwpghy = dwpgy? sin a. (77)

OnpenenM cymMMy BCeX 3JieMeHTapHHIX MomeHToB. OHa Oyjer Bbl-
paxaTbCcsl HHTErpaJjioM 3aBHCHMOCTH (77) mo myomand o:

M = (dM = [pgsin ay’do = pgsin a(y®do =pgsinaly, (78)

TaKk Kak HHTerpa’ (y>de = J, ecTb MOMEHT HHEDUMH pacCMaTpHBa-

w
emoii ¢urypsl oTHocHTeNbHO ocH Ox.
MomeHT paBHOAEHCTBYIOWIEH CHJBI P moxkeT OBITb 3alHCaH B
BHJE
My = Pyy = wpgheyy,
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e i — PACCTOSAHHE TOYKH NPHIIOKEHHs paBHOAelcTBywomeit P oT
ocu Ox, KOTOpOe sIBJIsSIeTCs] KOODIHMHATOM HCKOMOrO HaMH ILeHTpa
nasjenusi. Tak kak M, = My, To pgsinal, = wpgy.sinay,, nocse
COKpaueHuii Jy, = oycYy,, UM

L . (79)
(x)yc

3amenuM B opmysie (79) MomeHT HHepuMH J, Yepe3 LEHTpaJbHBIA
MOMeHT MHepuuu J,, T. €. uepe3 MOMEHT MHEpUHH (QHUIypbl OTHOCH-
TEJIbHO OCH, TPOXOASILIeH ge-

pes ee HEHTP TsKeCTH. Tak 934y »
Kak 3TH [Ba MOMEHTa MHep-

Yp=

[HH CBfI3aHHl 3aBHCHMOCTbBIO ﬁ?’ £
)
Je=Jy+ myg, _?a
TO OKOHYATEJbHO HNOJYYUM
_Jo'*"”yg_ +J° o 8
In= "oy T Ye oy
(80) Puc. 46

CJIEJIOBaTEJILHO, HEeHTp HU36BITOYHOIO THJAPOCTATHYECKOr0 JaBJeHHs

0
JIEKUT HHXE IEHTPa TAXKECTH (UIYpH Ha BEJMUHHY o
¢

INosicHuM HCHOJIb30BaHME MOJIYYEHHBIX Bblllle 3aBHCHMOCTEH Ha
npHMepe BEePTHKAJIbHO YCTAHOBJIEHHOTO MPSMOYTOJbHOIO IJIOCKOrO
IIAPHHPHOTO KJalaHa MJIH 3aTBOpA, NMOJBEPIKEHHOTO JIeHCTBHIO 1130bi-
TOYHOrO THAPOCTATHYECKOro jaBJjienusi (puc. 46). Ilpepnosnoxum, 4To
NJIOCKMH NPSMOYTOJIbHBIH MAapHUPHBIN KJanaH BHICOTOH [ M 1mupH-
HOH B mopjepXHBaeT XHAKOCTb, TJIyGHHA KOTOpPOH Iepej] KJanaHoMm
Takxe pasHa H. [lnsa onpenesennsi N36bITOYHON CHJIBI JABJIEHHSA KU -
KOCTH Ha KJamaH BOCNoJib3yeMcsi ¢opmyJoi (76)

Tlpu ompeneneHnH KOOpAMHATHl LEHTpa jaBJexus OyaeM HMETb B
BHJly, 4TO ocb Ox, OTHOCHTEJIbHO KOTOPOH HAaXOAHM 3Ty KOOpJIHHATY,
coBlnajiaeT ¢ ypOBHEM XKHAKOCTH (BCJeACTBHE BEPTHKAJbHOCTH Ha-
npasieduss AC). Torna

Jo H32

H B H H :
=hetor =g trpr=7 + 5 =" @D

. BH?
TaK KaK MOMEHT WHepUUH JJisi NPAMOYTOJbHOH QUryphl Jo = 5.
Taxum o6pa3oM, B NPsSMOYTOJIbHOU IJIOCKOH (DUType LEHTp HAaBJieHHs
CMellleH IO OTHOLUEHHIO K LEHTPY TsikecTH Ha H/6 m HaxoAauTcs Ha
rny6une 2/gH or ypoBHsa kupkoctH. [Tosie3HO OTMETHTH TaKke, UTO
U30bITOYHAsi CHJa, JefCTBylomias Ha IPSIMOYTOJbHBbIA  KJjanaH
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__ pgBH?
pP= 2

JIaBJIEeHUS “— Pg (Hsoépax&eﬂa tpeyrosibuukoM ODC Ha puc. 46), ym-

HOXXEHHYIO Ha wHpHHY KjaanaHa B. ChenosatesbHo, cuaa P, sBisiio-

[masicsi paBHOJEHCTBYIOLIEH 3JIEMEHTAPHBIX CHJI dP = depgh, nomxHa
NPOXOAUTh B 3TOM CJydyae yepes LEHTP TSKECTH SIMOPbl THJPOCTa-
THUECKOTO JaBJEHHSA, T. €. uUepe3 LEHTP TSKECTH TPeYroJbHHKa,
KOTOPHIH AEHCTBHTEJLHO JIEKHT Ha PaCCTOSHHH 2/, OT ero BepIUHHLI.

l'[pelLCTaBJlﬂeT coCoii nJoma b 3MIOPbl THAPOCTATHYECKOI' O

R
# t
W w w
Puc. 47

Cuna naBineHHss KUAKOCTH Ha AHO COCYJa U ero
cteHku [Ipeanomoxum, 4ro Mbl umeeM TpHu cocyna A, B u C ¢
mnockuMu aHuiamu (puc. 47). Ilpu atom dopma cocynos pasnuuna,
HO mJowafb JHA ® ¥ r1yOuHa BoAbl /1 BO BCeX COCyHax OXMHAKOBHI.

OnpenenuM cuJIy AaBJEHHS XKHUIKOCTH, NEHCTBYIOILYIO Ha [HO
cocynoB. CornacHo 3aBUCHMOCTH (76), cuja AaBjieHHsA Ha MAOCKYIO
¢Qurypy, KoTopod siBjsieTcss AHO COCyAa, paBHa IJIOLAAH (UTYpHI,
VMHOXKEHHOlI Ha THADPOCTAaTHYECKOe JaBJieHHEe B ee LEeHTpPe TSKEeCTH.
CuienoBaTe/ibHO, CHJ1a JaBJeHHS Ha JHO KaXJaoro cocyna 6ymer co-
OTBETCTBEHHO paBHa:

Ps = wpgH, Pp = wpgH u Pc = wpgH.

Takum o6pasom, cuia JAaBJjeHHs] Ha JHO COCyAa He 3aBHCHT OT ero
(opMbI, a 3aBHCHT TOJIBKO OT IJVIOILAAH AHA H IMIyGHHBI KHAKOCTH
B cocyle. DTO MOJIOXKeHHe HOCHT B THAPABJIHMKe Ha3BaHHe «THAPO-
CTATHYECKOTO NMapajoKkca», TaK KaK CYMTAJOCh N0 H3BECTHOH cTelle-
HH TapafOKCaJbHbIM DaBeHCTBO CHJ JaBJeHHI Ha AHO, HampuMep,
B cocynax B u C.

Cujia JaBJIeHHS KHMIKOCTH Ha CTEHKH COCYyZla [OJIKHa ofnpeje-
Jasitbes 0o ¢opmyse (76), eclu CTEHKH SIBJSIOTCS IJIOCKHMH. Eciu
JKe CTEHKH, a TaKxKe IHO cocyia OyAyT KPUBOJHHEHHBIMH, TO CHJIA
JAaBjeHus, NefCTBYIOL[ass Ha HHUX, JOJI)KHA BBIYHC/ISITBCSH METOAOM,
CJiyXalllUM Uil ONpeJlesieHHst CHJIbl JaBJeHHsl »KHAKOCTH Ha KPHBO-
JMHeHHbIe TOBEPXHOCTH.
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Mpumep 10. [Ias BbIMycKa BOJBI U3 Pe3epByapa y ero JHa yCTPOeH
nuckoBoil 3atBop A Beicotoit @ =0,4 m u mupuHOA b =10 M
(puc. 48). I'ny6una Boasl B pesepByape H = 4 m. TpeGyercs onpe-
JeJHTh CHJY, lepelalollyiocsi Ha OChb 3aTBOpa M IJYOHHY MOrpye-
HHSI TEeHTpa JaBJeHHS.

Cusia JaBJieHHs1 XKHUAKOCTH, AeHCTBYIOlas Ha 3aTBOp, PaBHA

P = opghc = abpgh. = abpg X
x(H_-g-)zoA. 1- 1000 x

% 9,81(4,0 — 0,2) = 14950 .

FayOHHY TOTPYyXKeHHs LeHTpa
naBJeHHsi HalJeM 1O 3aBHCHMO-

ctu (80):
J
Un=Ye + g =het G =

:(H_i a

2

0,42

§ 15. CHJIA MOJIHOTO JABJIEHHS )XMAKOCTH HA KPHBOJIHHEWHBIE
NOBEPXHOCTH

B MamHHOCTPOEHHH 4acTO NMPHUXOAMTCS BCTPEYaTbCs Kak C IIpo-
CThIMH, TaK H CO CJIOXXHbIMH KPHBOJHHEHHBIMH TOBEPXHOCTSIMM, MOJ-
BEPKEHHbIMH THIPOCTATHYECKOMY JaBJieHHI0. B KauecTBe mnpumepa
MOXKHO NPHBECTH c(epHyecKHe KPHIIIKH pe3epByapoB, IIapoBble KJa-
NaHbl HACOCOB, BHYTPEHHHE KPHMBOJIHHEIHHble CTEHKH KPYTJBIX MacJo-
NPOBOJIOB H TpyOONPOBOJOB, BHYTPEHHHE KPHBOJIHHEHHblEe CTEHKH
LIMJHHADHYECKHX O6aKOB M IMCTepPH M T. I.

Ecoy mpl npH onpeneneHHH CHJbl IOJHOIO TI'HAPOCTAaTHYECKOTO
JaBJieHHs!, JeHCTBYIOIIETro Ha NJIOCKHE (Uryphl, IO CYyIIeCTBY IpO-
M3BOJUM NIPOCTOE CJIOXKEHHE INapaJuleJbHBIX CHJ, TO NpPH pelleHHH
aHaJIOrMYHOH 3ajayd [/ KPHBOJMHEHHBIX NOBEPXHOCTeH NPHXOJAUTCS
NIPOM3BOJHTL CJIOXKEHHe CHJI THAPOCTATHYECKOrO JaBJIeHHs!, MMEIOMIHX
pasjiHuHble HanpaBJieHHsi. DTO OGCTOSTEJbCTBO 3HAUHTEJHHO YCJIOXK-
HfAeT 3ajayy, TpeOysi NMpHMEHEHHs CIeLHaJbHbIX PaCYETHHIX MPHEMOB.
Ilpunuun, no/oXeHHblt B OCHOBY CYLIECTBYIOUMX pelLIeHHH, 3aKJio-
yaercs B ONpeJeJeHHH COCTAaBJSIOWHX CHJbI TOJHOrO TIHAPOCTAaTH-
YeCKOro JaBJIeHHs IO HECKOJbKHM HaMpaBJieHHsM, He JeXalluM B
OJIHOH TJIOCKOCTH, C MOCJEAYIOUUM IeOMeTPHYECKHM CJIOKEHHEM 3THX
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YaCTHBIX CHJI. PesyjbTaT CJIOXKEHHsT JaeT BeJMUMHY TOJHOH CHJIbE
IaBJIeHUSl XKUJKOCTH Ha KDHBOJIHHEHHYIO INOBEPXHOCTh KakK IO Be-
JMYMHe, TaK H N0 HampabJjenHio. OJHOBpeMeHHO rpauyecKuM IMyTeM
HaXOJMTCS M IEeHTP JAaBJEeHHs JJIs KPHBOJIMHEHHOH IOBEPXHOCTH.
O6biyHO  fO0CTaTOYHO GpaTh JBa HANpaBJIEHHs: BePTHKAJbHOE H ro-
PH30HTAJIBHOE.

Huxe manaraercss MeTo]| ONpeiesieHHs IIOJHOH CHJIBI JlaBJeHHs
X MJKOCTH, JeHCTBYIOIETO Ha KpHBOJIHHefHbe mnoBepxHocTH. Ha
puc. 49 mpejcTaBieHa KpHBOJIMHeHHasi moBepxHOCTh ¢urypsl ABCD,
NOTPYKEHHOH B JKHJAKOCTb. BhijenyM Ha KpHUBOJIMHEHHOH MHOBEPXHO-
cti ¢urypsl ABCD GecKOHEUHO MaJylo IJIOM@AAKY, LeHTP TAXKECTH
KOTOPOH TIOTpYKE€H B XKHUJAKOCTb Ha raybuny A (puc. 49). Ilposenem
KacaTesJbHYI0O K IJjomanke do A0 NepeceueHHs] C YPOBHEM KHIKOCTH
B Touke O, KOTODYIO IIpHMeM 3a HayaJo KOOpAHHAT. Ilpnm 3TOM OChb X
PacNoJioKHM B TJIOCKOCTH YPOBHsI CBOGOJHOH NOBEPXHOCTH, OCb 2
HalmpaBHM BHH3, @ OCb Y pAacloJoXHMM B TOPH30HTAJbHOH IJIOCKO-
CTH Xx0Y.

Na6riTounOE rHApocTaTHUeCKOe NaBJeHHe B LEHTPe TSXKECTH pac-
cMaTpHBaeMoOll IJIOMALKH PaBHO

p = pgh,
a s.nememapﬂaﬂ CHJIa JaBJI€HHd, neﬁcmyxomaﬁ B HaﬂpaBJIeHHH HOp-
MaJH K 3TOH 11Ji01a [Ke, onpeﬂe.nﬂeTca 3aBUCHUMOCTEIO
dP = pghdo. (82)

O6o3HauuB yros MeXjJy HOPMaJbHbLIM HampaBJeHHeM 3JeMeHTapHOH
cuabl dP ¥ ochblo z yepe3 a, pasJioKUM 3Ty CHJIY Ha BepTHKAJbHYIO
H TrOpH30HTaJbHYIO cocTaBjswmue dP, u dP,. Torna

dP, = dP cos a = pg h cos ado (83)
dPy = dP sin a = pgh sin adw }

Boipaxenus cos ade M sin ade npeicTaBiasoT cofoil NJOMAAU IPO-
eKuMit 6eCKOHEYHO MaJoH IJomajiky de Ha TOPH3OHTAJbH YIO M Bep-
THKaJbHYI0 IIJIOCKOCTH, T. €. Ha IJIOCKOCTH xoy M yoz. Torpa

dP, = pghdwy,y
dP, = pghdo)yoz}' (84)

Ipennonoxum, yro Bcsi noBepxHocTh ¢urypsl ABCD, paBHasi o,
pa3buTa Ha GeCcKOHEUHO MaJble NJOIAajiKH dw, HAa KOTOphle JNeHCTBy-
IOT COCTAaBJISIOIHE 3JIEMEHTAPHBIX CHJ THIPOCTATHYECKOTO JaBJIEHHS
dP, n dP,. Torpa BepTHKaJIbHble H TOPH30HTaJbHbIE COCTaBJISIOLLHE
MOJIHOH CHJIbl [aBJeHHs ONpefessiTCs NyTeM CYMMHPOBAaHHS 3JIeMeH-
TapHbIX cocrtaBjsomux dP, u dP,, T1. e.

P, = s' dP, = spghdo)xoy = pgShdmxoy

. 85
Py = sdpx = S pghdwy,, = pgj hdoyo, (85)
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Ecau cnpoekTHpoBaTh NJOMAaAKy dw Ha IOBEPXHOCTL YPOBHS KM -
KocTH (puc. 49), TO MOXHO YCTaHOBHTb, YTO BhIpaKeHHe Adw,,y Npel-
ctaBjsier coGoll 00beM 3JIeMEHTapHOIO BePTHKAJIbHOrO UHUJHHJIPA,
OCHOBaHHAIMM KOTODPOTO SIBJISIIOTCA MJIOMAJKa do W ee MPOEeKUHs dwyoy,
a GOKOBOIl NOBEPXHOCTbIO — BePTHKAaJIbHblE 00Pa3yIoILHE.

Y

| F4
Puc. 49

ChnenoBatenbHO, HHTErpas S‘ hdw,,, Bblpaxaer cyMMy 0ObEMOB 3Jie-
w

MEHTapHBIX UMJHHIPOB, H3 KOTOPbIX COCTOMT 00beM KHJIKOrO Teja
ABCDA'B'C’'D’, o6osnauaembii uepes Wi, M HasblraeMmblii TeJsioM
IaBseHHsi. Takum obpasoM, Tejo paBjeHHs W, orpaHuuYeHO CHH3Y
KpHBOJIHHelHOH noBepxHOcTEi0 ABCD, cBepxy — npoekuueii A'B'C'D’
KOHTypa 3TOH (UIrypbl Ha INOBEPXHOCTb KHAKOCTH, a C GOKOB —
IIUJMHAPHYECKOH IIOBEPXHOCTBIO, MOJIy4eHHOH B pe3yJ/bTaTe NpPOeKTH-
poBauus KoHTypa ABCD Ha ropH30HTAaJbHYIO IIOBEPXHOCTb XHJIKO-
cti. Torjpa BepTHKaJ/bHASI COCTABJSIOMAS CHJIBI NaBJeHHs, LeHCTBY-
ioiiefl Ha KpuBOJHHeRHYIO ¢urypy ABCD, Gyner paBha

P. = pg { hdo,ey. (86)

Takum o6pasoM, BepTHKAJbHas COCTaBJSIOMWAs IOJHOH CHJB JaBJie-
HMS JKHJKOCTH, JeHCTBYyIOILell Ha KPHBOJHMHEHHYIO IOBEDPXHOCTh, pas-
Ha Becy XHAKOCTH, 3aKJ/IOYEHHOH B OObeMe Tesla NaBJIEHHS.
CnpoektnpoBap Tenepb GeCKOHEYHO MaJiylo IJIOLIAAKy d®, a TAKKe
Bclo ¢urypy ABCD Ha BepTHKaJbHYIO IJIOCKOCTL yoz (puc. 49) wu
NIOJIy4HB COOTBETCTRYIOIIHE NJOIAAW Npoekuuil dw,,, u A"B'C'D",
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MOXeM YCTaHOBHTb, 4TO HHTerpan (/hdwy,, SBJIsSETCS CTaTHYECKHM
w

MOMEHTOM IIJIOLIaAH NpOoeKuMH KpuBoJHHelHOH ¢urypst ABCD, ofo-
3HayaeMOH HaMH 4Yepe3 w,, HA BEePTHKaJbHYIO IJOCKOCTb Yy0Z OTHOCH-
TEJIbHO OCH 0Y.

CnenoBaresibHO, TOPH30HTaJIbHAsi COCTABJAIOIAS IIOJNHOH CHJIBL
JaBJeHHs1, AefCTBYIOIMeH Ha KpuBoJHHeiHywo ¢urypy ABCD, ompe-
JeJNIMTCs] 3aBHCHMOCTBIO

P = pg [ hdwyo, = wxpgh, (87)

rge  h, — rayOWMHa NOTPYXKEHHS! IIEHTPAa TSXKEeCTH IJIOAAH NpoekK-
IHH @, B XXHAKOCTb.

TakuM o6pa3oMm, ropH30HTaJsbHasl cocTaBJjsoomas P, Bblpaxaercs
NPOW3BEJIeHHEM IICIIAJH TNPOEKIMH KPHBOJHMHEHHOH (Hryphl Ha Bep-
THKaJIbHYIO IIJIOCKOCTb Ha THJPOCTaTHYeCKOe NiaBJIeHHe B LIEHTpe TH-
xKecTH sToif miomand. Mtak, 3ajaya cBOJHMTCS K ONpeleJieHHIO IIO-
IajH IpOeKuHH o, ¥ oOteMa Teja AaBjeHHs W

Has npocTtelx GMIyp YyKasaHHBle ONpeJieJleHHsi HHOTJA MOXKHO
BHINOJIHATh AHAJHTHYECKUM IyTeM, a IJs (GHryp ¢ Gojee CJIOXKHBIMH
OYepTaHM IMH NPHXOAUTCA NpH6eraTb K rpadHuecKHM IIOCTPOEHHSIM.
s onpepesieHHsl NOJHOH CHJIbI JABJIEHHs JKHAKOCTH, IOJ BO3Jel-
CTBHEM KOTOPOH HAaXOAMTC KPHMBOJHHeHHAs] NOBEPXHOCTb, HPOH3BE-
JleM TeOMETPHYECKOe CJIOXKEHHe ee BePTHKaJbHOH H TOpH30HTaJbHOH
COCTABJIAIONIHNX

P=)Pr4+p:. (88)

Hanpapnenne cHJbl MOJHOTO JaBjieHHs P onpejessieTcsi yrJjoMm ee
HaKJIOHa K TOPH30HTY, T. €. YIVIOM @, KOTODHIY MOXkeT OBbiThb ycTa-
HOBJIEH M3 COOTHOLIEHHH

P .
cosa =% wm sina= Pz (89)
P P

B sakmoueHHe OTMETHM, YTO LIeHTpP NaBJIEHHs,, T. €. TOYKa IpH-
JIOXKEHHS] CHJIbl JlaBJIEHHsl JXKHIKOCTH, HAXOLHTCs rpadpuuecKUM IyTeM
KaK TOYKa, IJe IepeceKaeTcs HalpaBJieHHe CHJbl P ¢ KPHUBOJIHHEN-
HOH TOBEpXHOCTbIO.

Mpumep 11. Topu3oHTa/IbHAsE MeTaJIMYeCKasi LHCTEPHA KpPYIJOro
ceuenusi auametrpoM D = 2,6 m, pmvnoio [ = 9,6 m mnoJHOCTBIO 3a-
HOJIHEHa He(ThIO NJOTHOCTBIO Puepr = 900 xe/m3. JlaBsienue Ha mo-
BepxHOcTH HedtH paBHO atMocdepHoMy (puc. 50). TpeGyercs ompe-
NeJUTb CHJY JaBJieHMsi HeTH Ha MOJIOBHHY BHYTpeHHeH KpHBOJH-
HeiHO NOBEPXHOCTH LHCTEepHHI adc, a TakXe CHJIy MOJIHOTO JaBJe-
HIIs1 XKHAKOCTH Ha 3Ty INOBEPXHOCTb.
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Ha nonoBuny BHyTpeHHe#l NMOBEPXHOCTH LMCTEPHBl JAeHCTBYeT ro-
PH3CHTaJbHAs COCTABJSIOLIASl CHJbI MOJHOTO AAaBJEeHHsA, paBHas, CO-
rJIacHO 3aBHCUMOCTH (87):

D D2
Py = ‘”xPHedn-ghc = IDPHedrrg 5 = lPHechg‘2_ =

2,6°
=9,6-900- 9,81 - =~ = 286500 .

) = 286500H
v
N0
% :
.
[ }

Puc. 50

I[Jlﬂ onpenesicHusa MOJIHOK CHJIBI JaBJIeHUA XKHIKOCTH HeOﬁXO}lHMO
MpEeBAPUTENIBHO YCTAHOBHUTH €€ BEPTHKAJbHYIO COCTABJSAIOMYI0 P, 1o
ypaBHeHuo (86):

2 3,14 - 2,6%
P2 = pgWs. 1= puetr @ - =900 - 9,81 - 9,6 21225
Tor,ua CHJia TIOJIHOT'O JaBJIEHHA Heq)TI/I, I{eﬁCTBy}OHLEI‘O Ha INOJIOBUHY

BHYTpEHHe!l IOBEPXHOCTH IIHCTEPHBbI, MOXKeT ObiTh YCTaHOBJIEHA CO-
raacso (88):

P =) P+ P2 =1/286500% + 221500% = 362000 A.
HanpaBnenne pefictBusi 3TOH CHMJIBI ONpefeJHICA YIJIOM ee Ha-
KJIOHa K TOpPH30HTY & no saBucumocty (89):
P, 9286500

P ~ 362000

= 221500 ~.

sina = = 0,792,

T. . a =53
§ 16. 3AKOH APXUMEJA. OCHOBbl TEOPHH NMJIABAHHSA TEJ
IIpeanosioxum, YTo BepTHKAJbHBIH LHJIMHAP, UMEIOMHUH BbicoTy /1,
IJIOIa/lb OCHOBaHHS ® H 00beM V, morpyxeH B XKHAKOCTb (pHC. 51).

ITpn sTOM BepxHee OCHOBaHME LHJMHApA NOTPYKEHO Ha TJyOHHY h,,
a HUXKHee OCHOBaHHWe — HA IJyOuHy hp. PaccmarpuBaeviblit IUJHHID
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Gyner HaxoAMTbCH TOJ NEHCTBHEM CJENYIOUWMX CHJ THApOCTAaTHYe-
CKOro JiaBJIeHHS:

1) cuapl P, HeHCTBylomell Ha BepxHee OCHOBaHHE LHUJHHJDA;

2) cuabl Py, peficTBylomiell Ha HHXKHee OCHOBAaHWe HWJIMHIPA;
3) CHJl THIPOCTaTHYeCKOrO NaBJIeHHS, NEHCTBYIOMHX CO BCEX CTO-
POH Ha BePTHKAJbHYIO NMOBEPXHOCTb LMJHMHApA M HalpaBJeHEBIX HOp-
MaJbHO K €ro BepTHKAaJbHOH
¢ ocu. (Ilocnegnne O6yayt Me-
XK1y coCGoli ypaBHOBEIINBATb-
€5, TaK KaK OHH DaBHBI IO Be-
JIMYMHEe H HalpaBJieHB B IIpo-

THBOIIOJIOX Hble CTOPOHBI. )
Cuna P,, HopMmajbHas X
BEDXHEMY OCHOBAHHIO LHUJHHJ-
pa H paBHas P, = wpgh,, 6yner
HanpaBJjieHa cBepxy BHH3. Cu-
Ja P,, HOpMaJbHasi K HHUXKHe-
MY OCHOBaHHIO ULHJHHJApPA H
paBHast P, = wpgh,, Gyner neii-
cTBOBaTh cHU3Y BBepx. Ouye-
BHJIHO, 4ro cujaa P, Oyger
CTPEMHThCS TIOTPY3UTh TEJO B
KUJIKOCTb, a cuaa P, Ha-
060pOT, — BBITOJIKHYTh TEJIO U3
xkuakoctd, Tak kKak Py > Py,
TO CHJIa THIPOCTATHYECKOTrO AaB-
JIeHHsl, JeHCTBYIOUiasl Ha TeJo,
NOrpyKeHHOEe B  JKHMJKOCTB,

GyZeT CTPEMHTBCS BBITOJKHYTH €ro M3 JKHIKOCTH. PasHocTb cHit
P, u P, HasbiBaeTcsi NOJJeP>KHBAOIeHd CHJION:

Pn = Py — P, = wpghy — wpghy = wpg (hy — hy) = pgol = pgV, (90)

Puc. 51

rie V = o —o6bem Tesa, mnorpyxenHoro B xuukocts. Cuenosa-
TeJIbHO, NOJJepKHBalolas CHsa, JeHCTBYIOLAs HA TeJso, MOrpyKeH-
HOe B XKMJKOCTb, paBHa Becy OGbeMa >KHJKOCTH, BEITECHEHHOTO TEJIOM,

D10 noJsioxKeHHe U siBisiercss 3aKoHoM Apxumepa. Ilpume-
HUTEJIbHO K TEOPHH NJIaBaHHs TeJ 3aKOH ApxuMela MOXeT ChITh
cOpMYJHPOBAH CJeAYIOHYM 00pasoM.

Teno, nozpyscennoe 6 ocudkocmo, Haxooumes nod Oelicmeuem noo-
Oeporusaiouyeli cubl 2UOPOCMAMUYECK020 0aBACHUS, HANPABACHHOU CHUL~
3y esepx u pasHoli eecy 00Bema JHCUOKOCMU, 6bLUTIECHEHNO020 MEAOM.

[Nopnepxuparomas cusna Pp, SBJSOMAACA PaBHOIEHCTBYIOMIEH
9JleMeHTapHBEIX NOJJEPKHBAIOIIUX CHJ, TIPHJIOXKEHA B IIEHTPe TsiXKe-
CTH BHITECHEHHOIO OObeMa MJAKOCTH, KOTOPHIH HasbiBaerci LEHTPOM
BoZloM3MelleHHsl. LleHTp BonousMmelnenHss B OOLIEM CJyuae He COBMa-
Jaer ¢ IEeHTPOM TSKECTH IJIaBalollero TeJa.
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OcHOBW TEOPUH NJAABAHUS Tea

B Teopum mnsaBaHus TeJ B KauyecTBe MNeEpBBIX 3aJau OIpefels-
10TCS1 n.aagyuecmy u ocmotiyusocms mea. [laasywecmoio mesa Ha3viea-
emes.  CnocoGHOCMb MmeAd naasams 6 NOAYNOZPYNCEHHOM COCHIOAHULL.
Ocmotinueocmpio HA36I8AEMCA CROCOOHOCHL NAABAIWE20 Mmeia npu  Om-
KAOHeHUW 8 3a0aHHbLX npedeiax Om ROAONCEHUS PABHOBECUS 8038paAUQ-
mbCst @ IMO NOAOKCEHUEe NnocAe npexpaiyerus Oelicmous OMKAOHAOUUX
cun.

[TnaByuects Tesa. O6osHauuM Bec Tesa uepes G. B 3aBucH-
MOCTH OT COOTHOLIEHMS INOAJepkKHBaomed cHisl Pn v Beca tena G
BO3MOXKHBL CJIEAYIOIIMEe COCTO-
AHUS TeJa, IOTPYKEHHOro B
JKHJIKOCTB:

1) G > Ppn — teqio TOHeT;

2) G < P — Teyi0 BCILIBI-
BaerT;

3) G = P — T1eJI0 nJiaBaet
B TIOrpyKEHHOM COCTOSIHHH.

YcraHoBUM  HeOGXOJIVMbIE
yCJIOBHsSI PaBHOBECHs IJIaBaio-
ero TeJa Ha NpUMepe IJAaBaHUS Tesia B MOTPYKEHHOM COCTOSTHHH
(tpetu#i cayuait). B astom csayyae s paBHOBecHs Tesa, Kpome
cO0JI0IeHHsT OCHOBHOTO ycJsioBHSI G = Pp, HEO6XOMHUMO TaKKe, YTOGHI
[IeHTP TSAXKECTH TeJia M ILeHTP BOJOMU3MEIleHUs JiekKaJH Ha OXHOH
BepTHKaMM. B NpoTuBHOM ciyuae Bo3HHKaer mnapa cua (puc. 526),
KoTOpasi NPUBOIMT TeJO BO BpallleHHe,

PaccMorpuM ciyyadi nmsaBaHMs Tesl B IOJIYNOTPYKEHHOM COCTOS-
HUM. DTOT caydyail OCOGEHHO BaxKeH MJisi NMPAKTHKH. EcaH mopmepxH-
Bawomiast cuja Pp Gosbite Beca Tesia G, TO TeJIO HAuHET BCIJILIBATD.

ITocse Toro Kak yacTh Tejia NMOJHHMETCS M3 KHIKOCTH, TOLAEP-
JKUBAIOWAsl CHJIA YMEHBIIHTCA, TAK KAK YMEHBIIHTCH OOBeM KHJIKO-
CTH, BHITeCHSIeMOH TesioM. B TOT MOMeHT, KOrja yMeHblleHHass MOA-
LepXHBAKoIlasg CHJIa paBHa Becy TeJa, T. €. COOMOJEHO pPaBEHCTBO
G = Pn, BbITeCHEHHe TeJla M3 JKHUAKOCTH MPEKpaIaeTcss H TeJO IJia-
BaeT B MOJIYNOTPYKEHHOM COCTOSIHHH.

Tak kak P’ =pgV, 10 a/a ofecrnedeHdss MJaBaHHS HEOOXOIUMO
CcO0JII0IEHHEe  YCJIOBHSA

G = pgV. 1)

OCTOHYMBOCTh NJABAIOMKHX TeJ

K nJsaBaiomemy Tes1ly MOTYT NpPHKJaIbIBATHCS JONOJIHHTEILHO BHEL-
HHE CMJIBI, MOJi BO3JEACTBHEM KOTOPHIX BO3MOXHBI OTKJIOHEHHS TeJsa
OT II0JIOXKEHHSI PaBHOBecHsd (BeTep, HepaBHOMepHAs Harpyska M T. I.).
B cBsizu ¢ 3THM NpoaHa/M3MpyeM BONpPOC 06 OCTOHYHBOCTH paBHO-
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BecHsi, T. e. 00 OCTONUMBOCTH TeJa, HANpUMep, NJs CJydyasl MOJHO-
CTBIO IIOTPYKEHHOIO B XKHIKOCTb TeJa.

1. Ecan umentp taxkectH A pacmoJiokeH HHXKe IIEHTpPa BOJOM3-
MeileHHs1 B (puc. 52a), To Teso GYIeT CTPEMHTLCS BO3BPATHTLCA B
npekKHee COCTOSIHHE pPAaBHOBECHS, OT KOTOPOTO OHO OTKJIOHHJIOCH B
pe3yJsbTaTe BO3LEHCTBUS BHEUIHUX CHJI.

B naHHOM cJydyae mOJIOXKEHHe TeJsia SIBJSIETCS OCTOHYHBBHIM,

2. Ecov nenTp taxect A pacnosioxeH Bbllle IEHTpA BOJION3-
memlenuss B (puc. 526), TO Tes10, BbIBEJEHHOE M3 COCTOSIHUSI PaBHO-
BecHsl, HE CMOXKeT BO3BPAaTHTbCS B IePBOHAYAJIBHOE IIOJIOKEHHEe, a
Oyner Bce GoJiee OT HEro OTKJIOHSTBCS, T. €. IOJIOXKEHHe Teja fBJA-
€TCsl HEOCTONYMBBIM.

3. Ecuom uentp Tskectd A W ueHTp BojoHamemieHuss B coBnaja-
10T (pHc. 52B), TOo OyneT HMeTb MeCTO TaK HasbiBaeMoe Ge3passimyHoe
cocTosiHMe paBHOBecHsl. B sToM cuyuae muaBaiomiee Ha TUIyGHHE TEJO
MOXeT COXpaHsATb JMo6oe INO0JIOXKEHHe, B KOTOpPOE OHO MpPHUBEAEHO Jei-
CTBYIOUIMMH CHJIAMH.

[Ipy npoexTHPOBAHUM B 3KCIJyaTallld CYLZOB M JIpPYTHX NJaBa-
IOUIUX CPEJICTB HCHOJB3YIOTCS 3aKOHbl DAaBHOBECHS] TJABAIOUMIUX TeJl.
IlpuBeneM OCHOBHBbIE NOHSITHSI H TepMHHBI, IPHMEHSIOIHECS B BOJHOM
TPAHCHODPTE M OTHOCAIIHECS] K JJAHHOMY BOIIPOCY.

I aasyuecmpio cyOHa Hasvieaemcs cnocobHOCMb CYOHA NAABANL 6 NO-
aynoepyoicenrom cocmoanuy. CleloBaTesbHO, IJs 0GecneyeHHs NJaBy-
yecTd HeoOXoxuMo cobmojenve ycjosusa (91). [dannas 3aBuCHMOCTB
MO3BOJISIET ONpeNesIATh HATPY3Ky H OCajJKy CYAHA INpPH H3BECTHOM
Bojou3MelieHnu ero W.

I’ py3060ii eamepauruel HA36IBAEMCA AUHUS Nepecedenus NoGepXHO-
cmu 60061 ¢ GOKOBOLL NOBEPXHOCHIbIO NAABAIOWLE20 CYOHA 8 HOPMAAbHOM
noaoscenuu (6e3 kpera) u npu nosnotl naepyske. OGbeM Xopryca
CyJHa, PAaclOJIOKEHHBIl BBIIE TPY30BOI BaTepJHHHH, IIpEJCTaBJseT
co6oil 3amac mnaByyectd. Iy ompejeseHHsl 3amaca NJIaBYYeCTH n
npHMeHsieTcs: opMyJia

P
Pg

(92)

b

rje p — IJIOTHOCTb BOJBI;
pc — TJIOTHOCTb CyJHA (MaTepHaJ CYIHa U NOJe3HBll I'py3).

Ilpu orpumaresbHOM 3amace IljIaByuectTd, korxza n <0, cyxHo 6y-

JIeT TOH YTh.

I110cKo0CmBIO NAQBAHUS HA3LIBAEMCS NAOCKOCHIb CedeHlls CYOHA, oepa-
HuueHHas no kowmypy eamepaunuetl (naockoctb C—C Ha pHuc. 53),
Q 0CbI0 NAABAHUS — 6ePMUKAAbHAA OCb, NPOX00AULAS Hepe3 yeHmp ms-
oecmu CyoOHa U HopmaabHas K naockocrmu naaéanus (mHAst 0—O0,
pHuc. 53).

OcTofiunBocTh cynua. [Ipu HccaenoBaHHH OCTOHYHBOCTH
CylIHa paccMaTpHBAIOT TPU IEHTPA, PACIOJIOXKEHHHIX Ha OCH TJjaBa-
HUS IPH OTCYTCTBHU KDEHA: Yenmp msadcecmu, uyexmp eodousmetye-
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Hus u memayenmp. Memayenmpom HQA3618aEMCS MOYKA NepecedeHus
OCU NAGBAHUS C HANDABACHUEM NOOBEMHOL CUAbL NPIL MAAOM Y2ae Kpe-
Ha cyOna (touka M Ha pHc. 54).

LleHTp TAXKECTH CyLHA, €CJU TPy3 3aKpemnJyieH HeNOABHKHO, NpH
KpPEHe He ITepeMelliaeTcsi; LEHTpP XKe BOJOMSMeIlleHHS] MeHseT CBOe I10-
JIOXKeHHe TpH KpeHe CYI-
Ha BCJIEJICTBHE H3MeHeHHUs
oyepTaHus ob6beMa CyJHa,
NOrpy’aeMoro B  XKHJ-
KocTb. MeTauenTp rakxe c " L c
MEHSIET CBOE IOJIOXKeHHe — ===—==——1-— _L{/"— . |

npu Kpene. OpHako nmpu — —
KpeHe He OGomee 15° — _ _ €,
NOJIOXKEeHHe  MeTaleHTpa . _ ___ T? -
NpaKTHYeCKH OT KpeHa

He 3aBHCHT; B 3TOM cay- — . .
yae MOXHO NPHHSITH, YTO

HEeHTp  BOJOM3MeIeHUs _ — —_—
nepemelnaercss 10 ayre 0

Kpyra, ONHCBHIBaeMOH U3 Puc. 53

MeTalleHTpa. B cBasu ¢

9THM BBeJEeHO IOHSATHE O

MeTalleHTpUYecKoM pajuyce. Memauyenmpuieckum paduycom  Hasbl-
saemes paduyc onuceisaemoil u3 memayenmpa Oyeuw Kpyea, no Komopoi
npoucxodum nepemetyerue yenmpa 6000USMEULEHUR NPl KpeHe CYOHA
(mumust BB, puc. 54). Memayenmpuueckoil ebicomoil hy Haseisaemcs

paccmosnue om memayenmpa M Oo yewmpa msaocecrnu cyra A
(muana MA, puc. 53 u 54).

INonb3ysick yCTaHOBJIEHHBIM
BhIllle MOHATHEM O MEeTaleHTpe,
MOXHO MMeTb CYXJIeHHe 00
OCTOHYMBOCTH CYJHAa B 3aBH-
CHMOCTH OT IOJIOXKEHHUSI MeTa-
.~ T LeHTpa Ha OCH IIaBaHUS:

—_ 1. Ecay MeTaueHTp JeXHT
BBILLIE IIEHTPA TSKECTH CYIHA,
TO TOJIOXKeHHe CyJIHa OCTOHYU-
BO (puc. 53 u 54). B nannoM
ciydae napa cua G u Py, nei-
CTBYyIOHIasi HA CYJHO B MOMEHT
KpPeHa, CTPeMMTCS BO3BPaTHTH

Puc. 54 CyJIHO B IIepPBOHAyaJbHOE MO-
JIOXKEHHE paBHOBECHSI.

2. Ecsiu MerauleHTp JIEXXHT HHXKE LEHTPA TSKECTH cyaHa (puc. 55),
TO TNOJOXKeHHe CyAHa GyjeT HeoCTOHunBLIM. 31ech napa cun G n P,
OyZler yBeJMYHBATh KPEH CYJHA, OTKJOHSS €ro faJjiee OT IepBOHAYaJb-
HOrO IOJIOXKEHHsl paBHOBecHs. JlaHHOe IOJIOXKEHHE COOTBETCTBYET,
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HanpuMep, CyAHY C NyCTHIM TPIOMOM U rpyxKeHOH mnanyo6oit. [Tosto-
My TpH 3KCIJIyaTamud (JoTa Takas CHCTeMa NOTPY3KH SIBJISETCS He-
JONYCTUMOH.

3. Ecim MeTaueHTp coBHajaeT ¢ LEHTPOM TsKECTH CYJHA, TO
HMeeT MeCTO COCTOsiHHE Ge3passiMuyHOrO paBHOBECHS, He ofecreunBalo-
Iee OCTOHYNBOCTD.
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H3noxennrle moJjioxKeHHss 00 OCTOHYMBOCTH IJIABAIOMIMX TENT MO-
ryT GHITh NpEeACTaBJIeHb aHAJUTHYECKH IIPH IOCPENCTBE MeTaleHTpH-
YeCKOH BBICOTHL fy:

1) npu Ay > 0 moJioKeHHe CyJHa OCTOHYMBO;

2) npu hy < 0 mosioxkeHHe cyJHAa HEOCTOHYMBO;

3) npu hy = 0 Ge3apas3uyHOE HEOCTOHYHBOE COCTOSIHHE PABHOBECHS.

Ilpu stoM yeM GoJibiie BeJHYHHA METAllEHTPHYECKOH BBICOTHI, TeM
GoJibllie cTpeMJIeHHe IJIaBAIOLIEro Tesla BepHYTHCS B NepBOHAYaJbHOE
noJioxKeHue paBHOBecHsi (NpH Ay > 0) uin, HA0GOPOT, YKJIOHHTBCH OT
Hero (npu hy < 0). TlpakTuuecku cyjna CTPOSATCH C MeTaleHTPHUECKOH
Beicotoli or 0,3 o 1,5 M B 3aBHCHMOCTM OT HX THIIA H PasMepoB.
OcTofiuHBOCTh CyJHAa MOXKET XapaKTepPH30BaThCsl TaKiKe BeJHYHHOM
MeTalleHTpHueckoro paguyca p. Ecan uepes e oGosnaunth paccrosi-
HHe MeXJy LIEHTPOM TSXKECTH CyJAHa A M LleHTpoM BoJoH3MelleHHs1 B
(puc. 53, 54 u 55), To nas obecneyeHHs] OCTOHYMBOrO IIOJIOXKEHHS
CyZHa HeoO6XOAHUMO COOJIOJEHHe CJIeYIOMEero yCJOBHS:

p—e>0. (93)
B Teopum nsaBaHus TeJ BeJHUYMHAa METALeHTPHUECKOro pajpuyca
onpefensercs Mo chaenyiouiell ¢opMmyJe (a8 KpeHoB MeHee 15°):

I
b= ©49
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rae / — MOMEHT HHepUHH IJIOCKOCTH NJIABAHHS OTHOCHTEJBHO IIpO-
JOJLHOH OCH CcylHa;
W — Bojousmermenne cygsa (o6beM 4YacTH CyJHZ, MOTPyKEHHOH
B BOJNY).
Tlosb3sysch MOHATHEM MeTaleHTPHYECKOTo pajHyca, MeTaleHTpPH-
YECKYI0 BBICOTY /iy MOXKHO NPENCTaBHThL CJIE] YIOUHM 00pasoM:

hm=pte=y Le (95)

CinenoBaTenbHO, N1 NPHIAHHMS CYJAHY 3aJaHHOTO BOJIOM3MeIlleHHst
GoJIbIIOA  OCTOHYHBOCTH HEOOXOAMMO YBEJHYHTb MOMEHT HHEpPLHH
IJIOCKOCTH TJIaBaHus. 3TO ycJo-
BHE NPHBOJMUT, HAalpHMep, K yCT-

PONCTBY MONJABKOB JJisl IOBBHI- _LJ c
IIeHHs OCTOHYMBOCTH THJpoOCa- / ? -2
MOJIETOB. 2'” I

Npumep 12. TlpaMonnHelHBIA e T 1 S
noHtoH BecoM G; = 40000 # ume- — V) -1
€T CJeAylolmue pasMephl: JJHHA H __Q. i f
paBHa 8,0 u, wmupuna C = 4,0 u, Al H,
seicora H =1,0 m (puc. 56). Yy |8 *
IleHTp THAXKECTH IIOHTOHA pacIo- -
JIOXXeH Ha BwicOTe h; = 0,45 M 4
or zxHa TmoHTOHa., OnpenenauThb Puc. 56

NpeliesIbHyI0 TPy 3010 beMHOCTDb
nontoHa G, mpn Bhicote GopToB Han ypoBHeM Boxnl 0,20 M, a
TakXe MeTaleHTpHYecKHii pajiuyc p, oGeclneyuBaiolUUi OCTOHYHBOCTD
[IOHTOHA.

IlpepenvHast rpy30NOABEMHOCTb TOHTOHA PaBHA PA3HOCTH MeXIY
BECOM BBITECHEHHOIN0 MNOTPYKEHHOH YacTblo TNOHTOHAa o0beMa BOJBI
I BecoM IOHTOHa:

Gy, =pgH,LB — G, =1000-9,81(1 —0,2)8 - 4 — 40000 =
= 2471360 ~.

Hnsi toro uro6el MOHTOH ¢ rpy3oM G, GBI OCTOHYMB, HEOGXOIHUMO,
uToGBl MeTaleHTpHYeCKHH pajuyc p OblI GoJiblile PACCTOSTHHSA € MeXKAY
UEHTPOM TsKeCTH A TIOHTOHAa C TPy30M H IEHTPOM BOJOH3Melle-
HUsA B: p —e > 0. Ilpunumaem p =e. Torpa, coryacHo dopmyse (94),
I R O . S "
P=Ww = 12LCH,  12H, 12x08° :

Mpumep 13. PeryanpoBaHne nomadd OeH3HHa B KapGiopaTop Mo-
TOpa aBTOMOOHJIS TPOM3BOJMTCSA C IOMOIILIO INOMNJABKA, COeJIHMHEHHO-
ro ¢ pbHluaroM, ykpelJieHHbIM Ha wmapuupe. [lpy nepenosnHeHuu mo-
NJIaBKOBOH Kamephl TOPIOYHM TONJIAaBOK NOBOPAYUBAET phlyar, Giaronaps
ueMy MHrJa NepeKpbiBaeT nocTyn ropiouero. OnpenesuTb AHAMETP
MONJIaBKa, UCX0Jsl M3 YCJIOBHS, YTO B Kamepe NMOAJEP:KHBAeTcsi MOCTO-
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sIHHBIH YpOBeHb GeH3HHA H TNOMNJABOK B MOMEHT IpeKpamieHHs HOCTY-
na GeH3HWHa NOTpyXKeH HaNOJIOBHHY.

Ipu stom (puc. 57) a =50 mm; b =15 mm; d =5 mm; Bec mo-
nnaBka G =20 ¢; Bec urabnl Q = 10 ¢g; ps = 700 k2/m3;, H36bITOYHOE
naBjienne GeHsWHa Ha Hray p = 0,4 am. Becom pniyara MOxKHO mNpe-
He6peyb.

OGo3HauMB MNOALEPKHBAIOWIYIO CHJy INONJaBKa 4epe3 P, H cuay
naBjieHHs GeH3HHa Ha HIJy uepe3 P, cocraBHM ypaBHeHHe paBHOBE-

CHsl OTHOCHTEJIbHO LIapHHpa phlyara:
id (Pa—G)a—(Q + P)b =0.
Orcrona

Pa=(Q+P 2+
F= pnd2_04314 05

= 0,785 ke = 785 ¢;

Py = (10 + 785) - &2 +
190 — 238,5 <.

C pmpyro#i CTOpPOHB, NOABEMHAA CHJE
P, Moxer ObITb onpene.neﬂa o 3aBH-

cumoctu  (91): Pp=" 2p6

/2P, 12 - 2385

I rasa mpemos
OCHOBHbIE NOHATHUA T'MAPOJHHAMUKH

§ 17. KJIACCHOUKALIHA JBH)XEHHH

OcHoBHO¥ 3ajfauell THAPOAMHAMHUKH KaK 4YacTH THADPABJHUKH siBJs-
eTcsl M3yyeHHe 3aKOHOB JBHXKEHHS XHAKOCTH. Tak e Kak H B Tiiipo-
CTaTHKe, B FMAPOAMHAMHKE INMPOKO HCMOJbL3yeTCs NOHATHE 06 «ife-
aJbHOM» MHAKOCTH. PellleHUsi, TNOJy4YeHHble IJIf «HACAJTbHOH» IKH -
KOCTH, IIPHMEHSIIOTCSI M K <«peaJbHOH» C BHECEHHeM HeO6XOIMUMBIX
NIONPaBOK Ha ee CBOHCTBA H B NEPBYIO ouepelb — Ha BA3KOCTb. He-
cJle[OBaHHs B 06JIaCTH TMAPOAHHAMHKH 3aKJ/IOYAlOTCS NPEHMYIIEeCTBEH-
HO B HaXOXJEHHH OCHOBHBIX BeJIHUHH, XapaKTEPH3YIOUIHX JBHIKEHHE:
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CKOpOCTeli TeueHHsi H JaBJEeHHH, BO3HUKAIOWHX B JBHXYIIeHca
KH JLKOCTH.

JlBuxkeHne MXHUAKOCTH XapaKTepPH3yeTcsi CKODOCTAMH JBHKEHHS
YacTHIL B OT/JEJNbHBIX TOYKAX IOTOKA XXHAKOCTH, HABJEHHMSMH, BO3HH-
KaIOW¥MH Ha pasJHYHbIX TJyOMHAX, rayOMHaMH, a Takxe ofue#
¢opmoii mortoka. Ilpy 5TOM TJIyGHUHBI MOTOKA KHIAKOCTH, CKODOCTH,
YCKOpEeHHs] H JlaBJieHHs B TOYKAaX MOTOKA 3aBHCST OT MOJIOKEHHs TO-
yek, ONpeJe/iseMOro KOOpJAMHaTaMH x, y, 2. ClelloBaTeNbHO, yKasaH-
Hble BeJUUYMHB SABJSIOTCA (PYHKUUAMH KoopiuHat. Kpome roro, Be-
JIMUUHBI, XapaKTepU3yIolIHe JBHMKEHHE XXHIKOCTH, MOTYT H3MEHATbCS
W 10 BpPEMeHH, sIBJIsAsICh TaKxKe QyHKIMell BpeMeHHu {. B cBAsH ¢ 3THM
pasJ/MyaroT Ba BUJA JABHKEHHS: yCTAaHOBUBILEECS U HEYCTAHOBUBILIEECS .

Yemarosusuiumcs Osudcenuesm Hasvlaemea maxol eud 0sudcenus,
npu KOMOpPOM CKOpOCMU, YCKOPeHus, 0asrenus, eayOursl He Menaiom-
CA C medeHueM 8peMeHl, G 3a8UCAM MOA6KO O NOAOKCEHUS € NOomoKe
ocudKoCmU  PACCMAMPUBAeMOLL MmOuKU, A6AAAC, (hyHKyuel KoopOuHam.:

u=f(x, y, 2 p =[x 4, 2); h‘__f?(x’ Y, 2).
3/1ech 4 — CKOPOCTb JABHKEHHS XKHUJIKOCTH; p — THIAPOJHHAMHYECKOE
JaBJjieHHe B paccMaTpHBaeMoOll TOYKe; A — rjyGHHa IIOTOKa.

Heycmanosusuiumcs 0suscernuem Hasvieaemca maxoll aud 0suxcenus,
npu KOmMopOM 6Ce NEPeHUCACLHbIe 6bLULe KOMNOHEHIMbL ABAAIOMCA PYHK-
yueli He MOAbKO KOOPOUHAM, HO U BDEMEHU:

u=f(x, Y, 2, t); p=f1 (x’ Y, 2, 1), h=f2(xa Y, 2, t)

[IpuBeneHHble BHAB ABHXKEHHS NPOHJIIIOCTPUPYEM Ha NpHMepe BHI-
TeKaHHsl JKHAKOCTH U3 pesepByapa. Ilpexnosioxkum, 4To B pesepByape
HuMeeTcsl KpaH JAJisl BeIycka BoAbl. IloaBox Boibl K pe3epByapy ocCy-
HIeCTBJISIETCST BOJAONPOBOAHOH TPYOGOH, 0GOpYROBaHHOH 3aIBHKKOH.
Eciu oRHOBpeMEeHHO OTKpPHITb BBIIYCKHOH KpaH H 3aJBHXKKY B TPYy-
6e W OTperyJupoBaTb HX IOJIOKEHHe TaK, 4TOObl KOJIMYECTBO BbITe-
Kamomieli BOAB ObIJIO PABHO KOJIMYECTBY INOCTYHAOUWIEH BOJBI, TO Mbl
GyneM HaGmojaTh B pesepByape yCTaHOBUBILEecs ABHKeHHe, JlefcTBu-
TeJbHO, TJIyOHHA BOIH B pesepByape [/ GyleT NOCTOSIHHOH, HE H3Me-
HsllOLeHCA ¢ TeueHHeM BpEMeHH; NO3TOMy B JIOGOH TOYKe KHIKOCTH
ruApofiHHaMHYecKoe [aBJeHHe p, TJyOHHa TOrpyxeHus A paccmar-
puBaeMOH TOYKH H CKOPOCTb TaKiKe He GYAYT MEHSATbCA C TeUeHHeM
BpeMeHH.

3akpoeM 3aJBHXKY BOJOIPOBOAHOH TPYGHl, a CHYCKHOH KpaH
OCTaBHM OTKpPHITEIM. PesepByap OyZer omopaxxHuBaTbcs. Ilpu 3TOM
Mbl OyneM HaOm0faTh HeyCTaHOBHBILeeCs [BMKeHHe xujkoctH. Ha
camMoM jJese rjyGuMHAa BOABl B pes3epByape /1 C TeueHHEM BpeMEHH
yMeHblIaercsi. B ¢BA3M ¢ 3TMM yMeHbwawTcs rJ1y0GHHA A MOrp yiKeHHS
paccMaTpUBaeMoil TOYKH B XKHJKOCTb, JaBJjleHHe H CKOPOCTb TeYeHHs
B 3Toil Touke. B pesyJbTate HAacTymHT MOMEHT, KOTJa pe3epByap
OTIOPOXKHUTCSL M BCe KOMIOHEHTH HIBMxKeHHA (4, p, A) OYAYT paBHB
HYyJIO.
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Y cranoBuBIIEeCs JBHXKEHHe pasfleJisfieTcsi Ha ABUXKEHHE paBHOMep-
HOe W HepaBHOMepHoe. PaBHOMEpHBIM JIBHIKEHHEM Ha3blBAaeTCsl TaKoH
BHJL YCTAHOBHBILETOCS JBHXKEHHs, NPH KOTOPOM BCe KOMIIOHEHTHI
JIBHKEHHS] — CKOPOCTH, JaBJeHHs, TJ1YyOHHB — He MeHSII0TCH 1o JAJd-
He (ocbh x) motoka. B wacTHOCTH, moOmepeuHoe ceyeHHe IIOTOKA IPH
pPaBHOMEDHOM JBHXKEHHH IOCTOSIHHO MO JJIMHE.

[TpuMepoM paBHOMEPHOTO JBHKEHHS MOXKET CJAYXKHUTb JBHMKEHHE
B KaHaJie NMpaBUJIbHOH (OpMBI C NOCTOSIHHOH TJyOMHOH HANOJHEHHUS

(puc. 58). [IBuikeHHe IOTO-

A Ka C IIOCTOSIHHOH CKOPOCTBIO

- il Sl —" B IHUJHHApPHYeCKOH Tpy6e

— |- — | f— — /4 TOCTOAHHOrO ceveHHS 6y-

- — JeT TakxKe PpaBHOMEPHBIM.

O e e S HepaBHoMepHOe JBHKeHHe

Puc. 58 MOXXHO HaOJIoZATh B KOHH-

yeckod Tpybe, B KOTOPOIi

N0 JAJIMHE MEHSIOTCS MOoINepedyHble CeUYeHHUs NMOTOKa H, CJIeJ0BATEe/bHO,
ckopoctd (puc. 59), naBJjieHMs ¥ TJIyGHHBIL.

B 3aBucuMOCTH OT NpUYMH H OOIMX YCJOBHH, HNPH KOTOPBIX IIpO-
HCXOQUT JABHXKEHHE, Das3JuyaloT HaropHoe H Ge3HANOpPHOE [BUIKEHHE.
HanopueiM JBUKeHHeM HA3BIBAIOT [BHXKEHHE IKHIKOCTH B IOTOKE
6e3 CBOGONHO! NOBEPXHOCTH; OHO OOGLIYHO HAO6/MOaeTcs B 3aKPHITHIX
TpyGonpoBonax WJH MHBIX THAPaBJIHYECKHX cHcTeMaXx. Ilpu namop-
HOM JBUMKEHHH XKHUIKOCTb MO/JIHOCTBIO 3aNOJHSET MOolNepeyHoe CEeYeHHe,
o6pasyemoe OrpaHHYHBaIOMUMH
IIOTOK TBepABIMH cTeHKamu. Ha-
TIOpHOE JIBHXKEHHEe NPOHUCXOJUT
B CHJY HaJIMUM$ Pa3HOCTH JiaB-
JIEeHHH 110 JAJMHe IIOTOKa, CO-
3JlaBaeMoii, HanpHMep, BOJIOHA-
nopHo#l  GamHei, IHUTAOMIUM
6akoM CaMOTe4HOH TOMJMBHOM
CHCTEMBl, HacOCOM, BKJIOYeH-
HBIM B CeTb, H T. A.

JlBUxKeHUe, Korja IIOTOK
He CO BCeX CTOPOH OrpaHHYeH
TBEPAbIMH CTEHKaMH, a HMeer
CBOGOAHYIO MOBEPXHOCTb, Ha- Puc. 59
3blBaeTcsi  Ge3HAIOPHBIM HJIH
IBHIKEHHEM CO CBOGOAHOH MOBepXHOCTHbIO. B GoJbLIMHCTBE cJly uaeB
CBOGOJHAsi MOBEPXHOCTb CONMpHKacaeTcs ¢ artMocdepoil, a motomy
npu Ce3HanopHOM JBHXXKEHMH JlaBlleHHe Ha MOBEPXHOCTH TOTOKA
NOYTH BCcerja paBHO atMochepHoMy. IlpHunHoii Gesnamopuoro ABu-
JKEHHS SIBJIIeTCS JNeHCTBHE CHJIBI THKECTH.

Ha puc. 60 nokasan GeH30mpoBOJA, COEIMHSIOIMH GeH300aK C IO-
NJ1aBKOBOH Kamepoll kapGlopaTtopa. JIBHXKeHHe KHAKOCTH B TaKoM
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Gensonposoge HanopHoe. IIpuMepom Ge3HAMOPHOTO ABHKEHHS SABJsA-
ercsl ABHXKeHHe BOJBI 10 KaHaJay (puc. 58), ABH:KeHHe BOAbI B TpYyOe,
Korja TpyGa He MOJHOCTBIO 3aMoJIHEHa BOXOH, U T. A.

Tonnabrobas Karepa
raplropamopa

A xapbropamapy

Puc. 60
§ 18. MOHSTHUE O CTPYAYATOM ABH)KEHHH XXUAKOCTH

[Ipy pelmeHMH MHOTHX 3ajay NPaKTHYeCKOH THAPOJHHAMHKH Je-
JaeTcsi MpeANoJiIoXKeHHe O TOM, YTO IOTOK JBHIKYLIEACS MKHAKOCTH
COCTOMT M3 OTJEJIbHBIX 3JIEMEHTapHBIX CTPYeK, He MEeHSIOLIHX CBOei
¢opmel. Takum oGpasoM, IOTOK MEICJEHHO pas3CHBaerca Ha pan dJe-
MEHTAapHBIX CTPyeK-TpyCOK, Kak 3TO
cXeMaTHYeCKH NO0Ka3aHo Ha pHc. 61,
M OyaeT paccMaTpHBaThCs HAMH Kak
COBOKYMHOCTDb ABHMIKYIIHXCSl 3J€MEeH-
TapHbIX cTpyek. [lagum onpefenenue
MIOHATHIO 3JIEMEHTAapHOH CTPYHKH U
NpHBEJEM ee CBOHCTBA.

PaccmoTpHM  NOTOK — 2KHJAKOCTH,
HaXOMAWMACA B  yCTaHOBHBILEMCS
JapuxenuH (puc. 62). BosbmeM B 3ToM notoke TOUKy / M NOCTPOHM
B HeH BEKTOp CKOPOCTH «;, BLIPAXKAIOUIKI ee 110 BeJIHYHHE H Hampas-
Jennso. Ha 3ToM Bektope BO3bMeM TOuky 2 Ha GECKOHEYHO MaJioM
paccrosnus ds, oT ToukH /. B Touke 2 nocTponMm BEeKTOp CKOPOCTH Us,
Ha KOTOPOM BO3bMeM TOUKY J Ha GECKOHEYHO MaJIOM DPAacCTOSIHHH dS,
OoT ToUKH 2 u T. A. Ecam MB paccrosinus Mexay Toukamu ds;, ds
v T. A. OyleM yMeHblIAThb JO HyJs, TO BMeCTO JIOMaHOH JIMHHH
|—2—3—4—5—6—7—8 B mpejese mnonyunM KpHBYIO, Ha4YHHaIO-
myrocss B Touke / M HasblBaeMylo JIMHHeH ToKa. JIuHuel moxa Ha-
Bv16aemes MUHUS, 8 KascOotl mouKke Komopotl 8 anHOe MSHOBEHUE 8eKMOD
cKkopocmu gcudKocmu cosnadaem ¢ HanpasieHuem KacameabHol K amot
4uruy. TIpH yCTaHOBHBIUEMCS IBHIKEHHH JHHUHM TOKAa COBIAJaloT
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€ TPaeKTOPHUSIMH YacTHIl XKHAKocTH. IlpH 3TOM yacTHna XKHAKOCTH Ie-
peMeniaercs IO JHHHHM TOKa. [103TOMYy B YCTaHOBUBIIEMCS JBHXKEHIH
JHHHMH TOKa COBIAAAIOT C TPAEKTOPHSMHU ABHXKYIIHXCS YacTHIL.

IMoctpouM BOKpYr TOuUKM [ 3aMKHYTHI KOHTyp, oOpasymouui
6ecKOHEUHO MaJylo mJomanky do, a uepe3 BCe TOUKH KOHTypa Ipo-
BeJeM JHMHHH ToKa (puc. 63). MbI mosyunM Taxk HasplBaeMyK TPyOKYy
ToKa. Ecain yepe3 Bce TOUKH GECKOHEUHO MaJsiofl MJomankiH do Mbl Ipo-
BeJleM JMHHHM TOKa, TO NOJYYHM 3JIeMEHTApHYIO CTPYHKY, S3amnoJIHeH-
HYIO «I1YYKOM» JINHHH TOKa.

Puc. 62

Ha ocHoBaHNM BCEro H3JI0KEHHOTO NPHHHMAeTCsi, YTO 3JeMeHTap-
Has cTpyfika of6Jajaer CJIeLYIOMIHMH CBOHCTBAMH:

1. dopma sneMeHTapHOH CTPYHKH OCTaeTCSl HEH3MEHHOH C TedeHHEeM
BPEMEHH, TaK KakK BMJA JIMHUH TOKa, M3 KOTOPBIX COCTOMT CTpyHKa,
B YCTaHOBHBIUEMCS IBHXKEHHH BO BpEMEHH He MeHSercs.

Puc. 63

2. TloBepXxHOCTb 3JIEMEHTapHOH CTPYHKH, o6pa3oBaHHas JIMHHAMH
TOKa, #BJAErcs KaK Obl HENpOHHIAeMOH NJIsl YacTHI[ XKHJIKOCTH, IBHU-
KYIUXCA B COCEJHHX CTpyHKaX. UacTHnbl XKHAKOCTH H3 COCEIHHX
CTPyeK, CKOJIb3A IO TNOBEPXHOCTH CTPYHKH, HE MOTYyT NpPOHHKATb
BHYTpPb Hee.

3. BeuslencTsre MaJIOCTH TONEPEYHOTO CCUEHH S 2JIEMEHTapHOH CTPYii-
KH CKOPOCTH BO BCeX TOYKAX ee IIONEePEeYHCTO CeueHHs SIBJISIOTCA
OJIMHAKOBBLIMH.

[TcTOK - KUAKOCTH, COCTOSIIIUE H3 3JIeMEeHTapHbIX CTpyekK, o6Ja-
AKX TepPeYHCJIeHHBIMH BHILIE CBOACTBAMH, HHOT/A HA3BIBAIOT «CTPYH-
JOH  MCAENBIO JBHXKEHHS JKHUIKOCTH». TakoH TMNOTOK MOXKeT OHITh,
HANpHMSD, TPEACTaBJeH ABHKEHHNEM XKMAKOCTH B MOJEJH, COCTOSIIEH
H3 Tpy(bl, 3aMOJIHEHHOH TOHKHMH CTEKJSHEBIMH TPYyOKaMH.
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§ 19. )KUBOE CEYEHHUE U PACXOJ XHIAKOCTH

Paccmotpenne BecbMa BaXKHBIX B IHAPOJMHAMHKE MNOHATHH O XKH-
BOM CEUYEHHH M pacxoje XXHAKOCTH Mbl HAUHEM C MPHMEHEHHS 3THX
TIOHATHH K 3JIEMEHTapHOH CTpYHKe.

JKHBBIM ceyeHHEM HasblBalOT IOBEPXHOCTb B IMpefesax INOTOKa
JKHJKOCTH, KOTOpasi HOpMasbHa B KaxXJOH CBOeH TOYKE K COOTBET-
CTBYIOIEH OCepefHEeHHOH CKOPOCTH B 3Toii Touke. JKMBBIM CeueHHeM
SJIEMEHT4DHOH CTPYHKH  HasblBaercs
9JIeMEeHTapHO MaJjasi mJomajka do, sB- 1 <
Jqoascs  NJOIAAbI0  MONEepeyHoro
CEUCHHS CTPYHKH, HODMAJBHOH K JIH- "  joemici

HuAM TOKa (puc. 63). Pacxomom aue- a5 — —
MEHTapHOH CTPyHKH, HJIH 3JeMeHTap- 4 2

HbIM PacXojoM, HasbiBaercsi OOBeMHOe

KOJIH4eCTBO KHAKOCTH, TPOXOAsluee @_dg‘ @d@g
B €JHMHHIly BpEMEHH 4Yepe3 XKHBOe ce- Prc. 64

4eHUe 3JIeMEHTAPHOH CTPYHKH.

ITokaxeMm, yTo pacxoj 3JeMeHTapHOH CTpyiiku dQ paBeH mJoma-
IM JKHBOTO CEYeHHS CTPYHKH dw, YMHOXEHHOH Ha CKODOCTb HBHIKE-
HHsl 4YaCTHI[ B pPacCMAaTPHBAEMOM CeUeHMH CTpYHKH: dQ = dwu.
IIpexnonoxumM, uro B ceueHun I—I (puc. 64) cKopocTb pBHKEHHS
YaCTHIl JKUJKOCTH — . JlaHHAs CKOPOCTb OJHHAKOBA N5 BCEX yac-
THI, KHJAKOCTH, ABMXKYIUMXCS yepe3 ceyeHue /—/ (3-e cBOHCTBO aJie-
MeHTapHOH cTpyfiku). Torja uepes HEKOTODHIH 3JIeMeHT BpemeHu dif
YACTHIB JKHJIKOCTH, HAXOAAIMIMECS B CEUEHHH [—], IBHUrasch co CKO-
pOCTBIO 4, NepeMecTsiTCsl B ceueHHe 2—2, COBEpLIWB MyTb ds.

CrenosatesibHO, 3a Bpemsa df yepes XKHBOE CEYEHHe 3JIeMEeHTapHOH
CTpYHKH dw TIPOHJET KOJMYECTBO XKHIKOCTH, PaBHOE OOBEMY IHJHIH-
apa deds. Ecau Hamj pacyeThl OTHOCHTb K €IHHMIE BpeMeHH (0Oblu-
HO X 1 cex), TO MOJMyuMM BbIpaXKe€HHE JIJif 3JIEMEHTapHOrO Pacxoja

dQ = dwds = dou, (96)
ds
TaK KaK CKOPOCTb U = — TpH dt =1 paBHa u =ds (CKOPOCTb —
970 NyTh, COBEpIUEHHBIA B €IHHHLY BPEMEHH).

Beimte GblJ0 CKa2aHO, YTO MOTOK JABMXK YHIEHCS XKHIKOCTH pac-
CMaTpPHBAETCS KaK COBOKYINHOCTb JIBHXKYIIMXCS 3JIEMEHTAPHBIX CTPYEK.
[TosTOoMy, CJIOXKHB IXHBble CEYEHHS 3JIEMEHTADHBIX CTPYeK, IOJYYHM
JKMBOE CeueHHe I1eJIOr0 NOTOKAa KHJKOCTH, oCo3HayaeMoe o:

0= S do. (97)

B ToM cayuae, xorja sjeMeHTapEble CTPYHKH MeX1y co6oii MpakTH-
yecKW nNapaJiiesibHbl (pHc. 65), KHBOE ceyeHHe [eJIoro MOTOKa XKHJ-
KocTH OyNeT MJIOCKHM. B cBfI3M ¢ 5THM yCTaHOBHM MOHSITHE O TaK
Ha3bIBaeMOM TIJIaBHO H3MEHSIOIEMCS JBUKEHHH.
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IlnaBHO W3MEHSIOMMCS JBHXKEHHEM JKHJIKOCTH HasblBaeTcs JBHU-
KeHHe, XapaKTepH3ylolleecsi oyeHb MaJbiM YIJIOM PAcXOXKJEHHS €ro
cTpyek (JIMHME TOKOB) M BeCcbMa He3HAuMTeJbHON HX KpuBH3HOH. Oye-
BHIHO, 4YTO B YCJOBHSIX IJIABHO H3MEHSIOLIErocs ABHIKEHHA B Ka-
yecTBE JKHBOTO CEYeHHsI LeJIoro NOTOoKa MoxeT ChITh NPHHATA MJOC-
KOCTb, HOpMaJIbHasi K HalpaBJIeHHIO JBHXKEHHs, KoTopas OyJieT BecbMa-
MaJio OTJIMYATBhCS OT JKHBOIO CEUEHHS] B CTPOrOM CMEICJE.

YcraHOBUM IOHSITHSI O CPelHeH CKo-

$ pOCTH TIOTOKA B pacCMaTpHBaeMOM KH-
BOM CEYEHMH M pacxoje LEJOro noToKa
x)ujpkoctH. CpeaHell CKOpPOCTbIO MOTOKAa B

,’ paccMaTpUBaeMOM KHBOM CEYEHHH Ha3biBa-
I ercq CKOpOCTh, C KOTOPOH JOJIKHBI OBLIH
3 Obl IBUraThCsl BCE YaCTHIBI XKHAKOCTH Yepes
Puc. 65 IaHHOE JKHBOE cedyeHHe, YTOOBl Pacxon
BCEro 1oToKa OblJ paBeH pacxopy, COOT-
BETCTB yIOLIeMY JeHCTBHTEJbHBIM CKOPOCTSIM 3THX 4YacTull. Beuny
BaXKHOCTH TIOHATHSI O CpPeJHEH CKOPOCTH OCTAHOBHMCsI Ha HEM He-
CKOJIbKO NojapoGHee. [l sToro obpatumest K rpaduyeckomy H3odpa-
JKEHHIO CpeJHeH CKODOCTH Ha 3Mope CKOPOCTeH: BCAKOE XUBOE
CeyeHHe XapaKTePH3YyeTcsl TaK Has3blBaeMbIMH MECTHBIMH CKOPOCTSMH,
B JEHCTBUTEILHOCTH HUMEIOIMMH MECTO B TOYKAX, DACIOJOKEHHBIX
Ha pasJHYHBIX TJ1yOMHax motoka. Ilpous- £
BeJifl H3MepeHue MeCTHBIX CKopocTell Ha pas- A L8
JUYHBIX TJyOHHaX TMOTOKa, H3006pa3uM HX .
rpadHyecKy, OTKJaJblBas MECTHBIE CKOPOCTH
B COOTBETCTBYIOLIEM MacLuTabe.

B pesyJabrate mosyuynM SHIOpYy CKOpOC- A
TeH, NOKasbplBAIOILYI0 XapaKTep HX H3MeHe-
HUs 10 TyyGuHe. Dmopbl cKopocTell B o6iem
cjlydae OrpaHHYMBAIOTCA KPHBOH, IO (popMe : U
Ginskoit Kk napabosie. Cpejnelt CKOpOCTBIO, ~ ) ARG
KoTopasi o6bl4HO 0603Hauaercss OyKBO# v, 4 r-— YV —el
3JleCb ABJIIETCS] OCHOBAHHE INpPSAMOYTOJIbHHKA
AEFD, paBHOBeJINKOrO SIIOpPe CKOpOCTeil Puc. 66
ABCD (puc. 66).

Ilpn paBHOMepHOM JABHXKEHMM BeJMUMHA CpelHell ckopocTH Gyner
OJMHAKOBa [/ BCeX >KMBBIX ceueHHH BroJsb nortoka. HaoCGopor, npu
HEpaBHOMEDHOM JBHXKEHHH CpeJlHfsd CKOPOCTb MEHsieTCs o  AJHHE
TNOTOKA B CBSI3H C M3MEHEeHHeM NJouajell XKUBBIX CEUEHHH.

PacxomoM xuaxocTh B paccMaTpyBaeMOM CeYEHHH HasblBaercs
00BbEM (KHMIKOCTH, MNPOXOASALNA B eNHHHIY BpeMEeHH uepe3 IKHBOE
ceyeHHe nortoka. Pacxojn noroka @ paBeH cyMMe pacXOHOB 3J€MeH-
TapHBIX CTPYeK d (), mepeceKaroluX XKHBOE CeueHHe INOTOKa:

Q= {dqQ = { udo. 98)

—J‘r-i

<]
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B ypaBHeHuHe pacxola TmOj 3HaKOM HHTerpajga BXOIMT CKODOCTb
SJIeMEHTapHOH CTPYHKH u, KOTopasl SIBJSETCS NEPEMEHHOH MO KHBO-
My ceueHHio notoka. CKOpocTb 3JIEMEHTapHOH CTPYHKH fABJsercs
(yHKIHel KOOpIMHAT Yy M 2, ONpeiessoUINX IOJIOXKEHHEe CTPYHKH
B XKHMBOM CEYEHHHU:

u _—:f(y, 2).

3a WCKJIOUEHHEM JIAMHHADHOTO pexuMa JBHXKEHHs, B HacTosliee
BpeMsi HET TOYHOH aHaJHTUYeCcKOH 3aBHCHMOCTH, BbIpakaiwolell LaH-
Hyl0O (QYHKUMIO, TaK KakK €lle He yCTaHOBJIeH TOYHBIH aHaJMTHYECKHH
3aKOH paclpejie/ieHusi CKOpocTeH Mo KHBOMY ceyeHHoo. [lostomy
IIPOMHTErpHpOBaTh ypaBHEHHE pacxoja B oflleM cJyyae He Ipef-
CTaBJISIETCS BO3MOXKHBIM. [lJ1 peleHust 3ajaun HCIOJb3yeM HOHATHE
O CpefHeH CKOpOCTH IIOTOKa B pPacCMaTpPHBAaeMOM KHBOM CEUEHHH.
B coorBercTBHM C 3THM TOHSITHEM NPHMEM, YTO BCE YaCTHIIBI JIBH-
JKYTCSl C ONMHAKOBOH cpejHeil cKopocThio v. Torza B ypaBHeHuH (98)
MOJKHO 3aMEHHTb NMEPEMEHHYIO CKOPOCTb U IOCTOSIHHOH CpefHe# CKo-
pOCTBIO U:

Q= Sudw = S vdo = USI dw = o, (98"

w w

Mrtak, pacxon LeJioro NMOTOKa KUAKOCTH paBeH IJOW@AAH KHBOTO
ceyeHHs NOTOKAa, YMHOXEHHOH Ha cpejHiol ckopocth. Pacxonx xup-
KOCTH OOBIYHO BBIpaxaeTcss B KyCHYECKHX MeTpax B CeKyHZY (AJs
60/1bIINX MOTCKOB) MJIH B JIMTPaX B CEKYHAY (AJa MaJblX IIOTOKOB).

M3 aaBucumoctn (98’) moxkeT C€BITH NOJYUeHO BBIpAXKEHHE HJfA
cpefHell CKOPOCTH B TakKOM BHJe:

Q
U = o (99)
CneznoBatesbHO, CpefiHsI CKOPOCTb MOTOKA B paccMaTpHBAeMOM XKH-
BOM CEYEHHH €CTb YACTHOE OT JeJIEHHS pacXoja NOTOKa Ha IJoWalb
€T0 JKHBOTO CE€YEHHs.

§ 20. THAPABJIMYECKUWH, TEOMETPKYECKHHW W NbE3CMETPHUYECKHH
YKJIOHBI

Jns  XapaKTepHCTHKH JBHXKEeHHsi peasbHOH KHIKOCTH HCHOJb-
3yIOTCA TOHATHSL O THAPABJHYECKOM, INbe30METPHYECKOM H TI'eoMeT-
PHUYECKOM YKJIOHAaX IIOTOKaA.

uapaBiMyecKHM YKJIOHOM HasbiBaeTcs MajeHHE YAEJNbHOH 3Hepruu
(Hanopa), oTHeceHHOe K eAMHHLE IJHHBL

=7,
rie J — rHApaBJIHYECKHIl YKJIOH;
hy — najeHne yjesibHEOI 3HepruM (Hamopa) Ha jaJuse L (puc. 67a).
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PCOMeTpH‘{eCKHM YKJIOHOM PI'asbiBaeTcd NajeHne JIMHUU iHa NOTCKa,
OTHECEHHOE K €AHHHIE IJIHHBI:
Ah

1 = —
,U»~—L,

rhe i, — reoMeTpuyeckufi ykJsoHn (puc. 67a u 6);
Ah — najenne JIMHHHM JHa NMOTOKAa Ha JJuHe L.

1
B —————)
b T T/
| 4 J hy
A*/z 2 & 2 4
1 — £, A

Puc. 67

Jlnpued nua €e3HalOpHOrO NOTOKAa, NOKasaHHOro Ha puc. 67a,
apasiercss auHus A — A, a JMHMeH IHa HamopHOH TpyOhl, NpencTaB-
NeHHoit Ha puc. 676, —imnHa B — B. Tak kak JAJauHa 1noToKa L
(puc. 67a M 6) mMpaKTHYeCKH paBHA TOPH3OHTAJIbHOMY [OJIOXKEHHIO
JuHMM fHa L, (yrabl o MOYTH Bcerja SIBASIOTCS OYeHb MaJbIMH), TO
B pacueTax OCBLIYHO M IPDUHEMaercsi B KayecTBe JUIMHBI IIOTOKa ee
rOpPH30HTAaNbHOE TNOJOXKEHHe L.

Ha puc. 676 mnokazaHa HanopHas Tpy6a, B KOTOPOH B CEUEHHAX
I—1 u 2—2 ycraHOBJeHbl Ibe3oMeTphl. IIpH IBHXEHHH XHAKOCTH
nbe3oMeTpbl GYAyT NOKAa3blBaTh BeJHUYHHBI JlaBJeHHA B TeX TOYKax
NOTOKa, B KOTOPbIX OHHM yCTaHOBJeHbl. JInHus P — P, coefuHAKILAsA
YPOBHH MHIKOCTH B Ibe3OMeTpax, Ha3blBaeTcs I1be30MeTPHYECKOH
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JsuHued, Ilajenue neesomeTpHueckKol JHHMH OyJeT pPaBHO PpasHOCTH
yIeNbHBIX MOTEHILHAJIbHBIX 3HepPrHil B ceueHusax [/—I u 2—2:

ap=(a+B)—(2+2).

HBESOMeTpI/I'-IeCKI/IM YKJIOHOM Ha3sblBa€TCs NajeHHe yﬂ.e.l’leOﬁ IIOTEH-
[HaJibHOH SHEPTHH ITOTOKA, OTHECEHHOE K eJHUHHLE €ro AJHHBI

p1)__ P2
§g=(z‘+9g) (z2+rﬁ
Ly Ly ’

Takum o06pasoM, THAPABJAHYECKHH YKJIOH SIBJSIETCS CJENCTBHEM
notepb 3Hepruu B notoke. OH onpefiesisieTcsi BBHICOTHBIM PacroJioXKe-
HHEM XKHJKOCTHOTO TpakTta. Ilbe3oMeTpHuecKHii YKJOH sIBJsieTCst
CJEJCTBHEM H3MEHEHHsi [be30METPHUECKOr0 Harmopa B pasiHYHbIX
ceyenrsx notoka. OTMETHM, YTO H3MEHEHHe IIbe30METPHUECKOro Ha-
[10pa MOXKET NMPOHCXOAUTh KaK 3a CcueT BO3HHKHOBEHHSI NOTEph 3Hep-
THH, TaK H B pe3yJbTaTe H3MEHEHHsl MJOmafed JKHUBHIX CeYeHHH
[OTOKA.

Jp=

§ 21. YPABHEHHE HEPA3PBIBHOCTH IOTOKA

Mcnonbays cBoOACTBA 3JieMEHTAapHOH CTPYHKH, C(HOPMYJHPOBaHHbIE
B § 18, BhIBeleM ypaBHeKMe HepaspbIBHOCTH Jisi CTpyiku. Paccmor-
pUM OTCEK XHUJKOCTH MeXAy cedeHusMu I—I u 2—2 3neMeHTapHOH
CTPyiiKH, INOKa3aHHOH Ha puc. 68. 3a Bpe-
Msi di yepe3 IIOLIaAb YKMBOI'O CEYEHHS CTPYH-
Kiu do B OTCeK [—2 BTedyeT XHJIKOCTb B KO-
sauyectBe dw,u,df. DT0 KOJHYECTBO PaBHO O0Db-
eMy GeCKOHEUHO MaJioro LHJHHAPA, HMEIOLero
OcHOBaHHe dw; M AJUHY u,dt. J{auHa uHAUHApa
paBHa IyTH, NPOXOAMMOMY YacTHIAMH XHIKO-
CTH 32 BpeMs df, IBUKYIIUMHCSH CO CKOpO-
CTbIO 4;. 3a TO Xe BpeMs df uyepe3 KHBOe
ceyeHHe dw; U3 oTceka [—2 BhiTeyeT 00beM
XKHIKOCTH dwsuqdt. Ilpu 3TOM dopMa oTceka ¢
TeueHHEM BpeMeHH He MeHsieTcsi (l-e cBo#cTBO
3J1eMeHTapHOH CTPYHKH), NOBEpPXHOCTb CTPYi-
KH $IBJAsieTCsl HeNpoHHllaeMod (2-e CBOHCTBO
3JIEMEHTapHOH CTPYHKH) H JKHAKOCTb SBJSIETCH
HECXKHUMaeMoH. Puc. 68

CnenoBaTenbHO, OGLeM KXHAKOCTH, MOCTY-
naiomed 3a BpeMs df B oTcek uepe3 ceueHue /—IJ, Jo/KeH ChITh
paBeH ofbeMy JKHAKOCTH, BBITEKAlOmieHl 3a TO e BpeMsl H3 OTCceKa
gepe3 ceueHue 2—2:

dw,u,dt = dogusdt, unu dogu; = degu,,
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Paccy:kpasa aHvaJgorHyHbiM 0GpasoM, MOXHO MOJYYHTb Takue e
COOTHOLLEHHSI H JJIS IpyruxX CeYeHHH CTPYHKH, Hamnpumep AJs ceue-
muit 3—3 n 4—4. 3naunr,

doju, = dogus = dogug = const. (100)

3apucumocte (100) u BeIpaxkaeT ypaBHeHHe HepaspbIBHOCTH MJif
3J7IeMEHTAapHOH CTPYHKH.

YpaBHeHHe Hepa3pbLIBHOCTH [OKa3blBaeT, YTO NpOH3BeJeHHe IJIO-
LlaZH KHBOTO CeYeHHs 3JeMeHTAapHOH CTPYHKH Ha CKOPOCTb B TOM ¥Ke
CEYeHHH eCTb BeJIHYMHA IIOCTOSIHHAsi WJH YTO uYepe3 BCe CeYeHHs
3JIeMEeHTapHOH CTPYHKH B eIMHHLY BpeMeHH NpPOXONHUT OAHO H TO XKe
KOJINYeCTBO KMJAKOCTH. lHaue rosopsi, pacxol XKHAKOCTH BO Bcex
CEUEHHAX 3JIEMEHTApPHOH CTPYHKH ONHMHAKOB.

Kpome Toro, Ha ocHoBauuy ypaBHeHHs (100) MOXHO 3aKJ/IIOYHTD,
YTO CKOPOCTH JBHKEHHS JKHIAKOCTH OGPaTHO INPOMNOPLHOHAJBHEI ILIO-
WaasM COOTBETCTBYIOIIMX JKHBBIX CeYeHHIl:

ho dop (101)

Uy do,

ypaBHeHMe HEPA3pPbIBHOCTH AJs LEJOro mOTOKa XHIAKOCTH

Paccmorpum yuactok notoka AB (puc. 69). BospmeMm Ha 3tOoM
y4acTKe HECKOJbKO ceuenuit: /—1, 2—2 u 3—3. OCosnauum uyepes
wy, Wy H O3 MJOMAAH XKHBBIX
ceueHH{ MOTOKa COOTBETCTBEH-
Ho B ceuenusix I—I, 2—2 1
3—3, a uepes duw;, dw,,
dw; — MJIOIMAAN KHUBBEIX cCeye-
HUIl 3JEMEHTapHOH CTPYHKH
ab B 1ex Ke ceueHUdx. B co-
OTBETCTBHH C YypaBHEHHEM He-
Piic. 69 pasphIBHOCTH JJisL 3JeMeHTap-

Hoit crpyiiku (100) umeem:

uydw; = Usdwy = uzdw,.
Vnterpupys 370 BhIpakeHHe B IpefieslaX COOTBETCTBYIOMIMX CEYEHHH,
NOJYyYHM
§ = udoy = fusdo, = §ugdo,,.

[ON [ g
Ha ocnoBanuu 3aBucuMOCTH (98) MOXKHO 2anucaThb

Q = Svldwl == Svgd(ﬂz = S‘U3d(’)3 == U0y = Uahg =

Wy [OFS wg
rie vy, Uz U Uz — 3HAUEHHs CPENHMX CKopocieil B ceueHusix J/—I,
2—2 u 3—3. ¥YpaBuenue (102) u sBjasercs ypaBHeHNeM HepasphIB-
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HOCTH JJI 11€JIOTO IIOTOKa XKHAKOCTH IIpH YCTAHOBHUBLIEMCS TMJIABHO

H3MEHSIIOMEMCST IBHIKEHHH,
Anasornuno sasucumoctd (101) ass wesioro moToxa MOXKHO 3&-

nucaTb
% (103)

Wrak, npu ycTaHOBHBILEMCS JBHXKEHHH TPOH3BeJeHHe IIOmAa N
MUBOT'O CEYeHHsI NOTOKA Ha CPELHIOI0 CKOPOCTb €CThb BeJIHYHHA IO-
CTOsIHHAsi, TPHYEM CpeJHHE CKOPOCTH IIOTOKA OGDATHO IPONOPILHO-
HaJbHBl IJIOWAJASIM COOTBETCTBYIOMINX KMBBIX ceueHHH. Pacxop
JKUAKOCTH BO BCEX CEUYEHHSIX NIOTOKAa OJMHAKOB.

§ 22. IBA PEXXHMA ABW)XEHMS BA3KOHN )XUJKOCTH

B npupojie cyIlecTBYIOT IBa pexHMa ABHXKEHHs] KHUAKOCTH: JIAMH-
HapHBIH u TypOyJenTHbll. [Ipy JamMuHapHOM pexuMe NOTOK KXHAKOCTH

Puc. 70

JIBUIKETCSl OT/AEJbHBIMH CTPYHKAMH HJIM CJIOSAIMH U TPAEKTOPHH OTHEJIb-
HBIX ©acTHIl Mexly coGod He mepecekaiorcst. Ilpu TypGysentHom
pekuMe JIBHXKEHHS CTPyHYaTOCTb NOTOKAa HapylulaeTcs, BCe CTPYIiKH
epeMEelINBAIOTCA M TPACKTOPHH JBHKYIIMXCA YacTHI NpHOGpeTaioT
BecbMa CJIOKHYIO (OpMY, Iepecekasch Mexay codoil.

B 1883 r. aursmiickuii ¢usuk OcGopH PeiiHonbac ony6ankosan
pe3yJbTaTEl CBOMX 3IKCMEPHMEHTAaNbHLIX HCCJIeOBAHHH, BecbMa Ha-
IJISIHO MJIIIOCTPHP YIOMIMX CYIECTBOBAHHE B MPHPOJE ABYX YKa3aHHBIX
PEKMMOB JBHKEHHS KHIKOCTH.

O. PeitHoMbAC BBHINOJNHUJ CBOH HCCJIEJOBAHHS HA CHELHAJIbHOM
npuGope, NMPHHIHIMAJbHASL CXeMa KOTOPOro O HACTOSIUErO BpeMeHH
HCNONb3YeTCs /151 IeMOHCTPAIMH PeXUMOB JABMKeHHs. Tako# npucop,
npencraBjeHHbli Ha puc. 70, cocrour u3 GoJbioro Gaka I, sanos-
HSIEMOTO MCCJIe]l yeMOH »KHJAKOCTBIO, H HEeJ0JbLIOro 6auka 2, B KOTOpbIii
HaJMBaeTCs Kpacsiuee BemectBO. M3 6axka / BbixomuT Kpyrsas crek-
JsiHHasi Tpy6ka 3 mnoctosiHHoro auamerpa d. Tpyika 3 umeer Ha
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KOHLIE KpaH 4, NO3BOJIAIOLIME PeryJupoBaTh Pacxoj XHAKOCTH uyepes
Tpy6ky 3. MaMepeHue pacxoia KHMAKOCTH OCYIIECTBJIAETCA NpH IO-
Mol MepHoro cocyAa 7. TpyGka 3 ajs ofecneyeHusi IJIABHOTO BXOJa
JKHAKOCTH B Hee HMMeeT BXOJHYIO BOPOHKY, K KOTOopo# Hu3 Gauka 2

nojiBefieHa TOHKass Tpyo6-

a Ka &, uMeromasi CBepXy
\\ 3 kpaH 6. Uepes TpyoKy
Va 5 nmoctynaer kpacsiee

S BemectBo U3 Gauka 2 BO
BXOAHYIO BOPOHKY TpyG-
KM 8 U TPOHUCXORHUT MOX-
KpallMBaHWe  XKHUAKOCTH
BO BpEeMSi OIIbITA.
OmnpiT 065/4HO  HayH-
HaeTcsl C MaJblX CKOpO-
credi. [lns storo Kpany 4
e 5 HalT caMoe Masoe OT-
KpDBITHE H OJiHOBpEMeEH-
HO TYyCKalOT Kpacsiiee
BELIeCTBO 4Yepe3 TPyOKy
5. Tlpu stoM B TpyGKe 3
MBI YBHAUM  OKpaileH-
HylO  CcTpy#iky S—S
(puc. 71a), xoropas uer-
KO  BBIJEJSIETCS  Cpeau
IBHAKyI(eHcs KHAKocTH. Besi ocTasibHas Mmacca KHAKOCTH OKpailH-
BaTbCsl He GyzeT. EcJM NyCTHTb KpPacKy B HECKOJIbKHX TOUKAX BXO[-
HOH BOPOHKH, TO Mbl NOJIYYHM HECKOJIbKO OKPAIUEHHBIX CTPyeK, He
nepeceKamomuxcs MexAy cofoH, Kak 3T0 NOKa3aHo Ha puc. 716.
CiefoBaTesIbHO, YaCTHIBI XKHAKOCTH, ABHAKyliuecs B CTpyHre S — S,
He TePeMelINBAIOTCSl C YaCTHIIAMH COCENHHX CTPYeK, M B paccMaTpi-
BaeMOM CJiyuae MblI HMeeM CTpyHuaToe [BHKeHHe. PexuM [IBuKeHus,
COOTBETCTBYIOMIMA CTPYHUYAaTOMY IBMXKEHHIO BSI3KOH JKHJIKOCTH, Ha3bl-
Baercsl JIaMHHApPHBIM.

Iponomxas onuT, AafuM KpaHy 4 GOJIbLIHE OTKPBHITHSI H MOJy4HM
TeM caMbIM OOJIbIIHE CpeJHHEe CKOPOCTH B CTeKJsHHOH Tpybke. Ilpu
5TOM JIO M3BeCTHOTO INpejieJla XapakTep OKpPAIleHHOH CTPyIKH H3Me-
HATbes He Oyfer. OnHaKo N0 Mepe YBEeJHUEHHS CpPeIHEH CKOpOCTH
cTpyHKa HauyHeT MCKPHBJSATHCA, MPUOODETas BOJNHHCTBIN XapakTep
C MECTHBIMH pa3pbIBaMH.

Haxkonel, HacTymaer MOMEHT, KOTJa CTpPyHKa COBEPUIEHHO HCYes-
netT H BCS Macca KHAKOCTH B CTEKJISIHHOH TpyOKe 3 OKaxeTcsl OKpa-
LiIeHHOH, mpaBia, B GoJjiee OJIeAHBIN LBET, 4eM J0 3Toro Gblia OKpa-
uleHa oTAesbHas CTpyiika. B JaHHOM c/ydae MPOHCXOAWT HapylleHHe
CTPyHUYaToOro ABIIKEHHs, M JIAMUHADHBIA DEXHM IepPeXOiuT B Typoy-
geHtHbil. TypOysieHTHBIH peXMM, CXeMa KOTOpPOTO II0OKa3aHa Ha
puc. 72, XapakTepusyercss HHTEHCHBHBIM IlepeMellHBaHHEM I[I0TOKa
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KUJIKOCTH B pe3yJabTaTe€ JBHIKCHHMS YacCTHI IO BeChbMa CJIOXKHBIM
TPAeKTOPHSAM; YACTHLbI CTAJKHLAIOTCH MeXNy Co0Oi, NepeMemaTcs
nonepek MOTOKa, COBepllasi BeCbMa CJIOXHBIE NYTH NPH CBOeM ofLieM
IBUKEHUH BIIEpeN.

OneiT, cxemMy KOTOPOTO MBI OIHCA/H, JEMOHCTPHPYET NEPEXOf
JIAMHHAPHOTO peXHMa JBHIKEHHS] B TypOYJIEHTHBIH IPH JAOCTHXKEHHH
onpejesieHHOH cpefiHeil CKOPOCTH. [laHHEIA ONBIT MOXKHO MPOBECTH
¥ B OOpaTHOM HanpaBJIEHHH, a HMEHHO: HayHHATb Ha6JIOZeHHe
¢ GONbUIMX CPEHHX CKOPOCTEHl M INOCTENEeHHO yMeHbluaTh uX. [lpu
3TOM BHAuaJle BC Macca KHJAKOCTH GYNeT OKpalleHHOH W Mel Gyiem
HabmonaTh TypSyneHTHHIH pexuM. Ilo Mepe ymenbinenusi ckopoct
HayHeT TNOABJATbCA KO-
JebJmonIascsl BOsiHOOOpas-
Hasl OKpallleHHas CTpyHKa,
KoTOpasi 3aTeM IIpUMeT
ycToluuBy10 ¢opMy, Co-
OTBETCTBYIOILYKO  JlaMii-
HapHOMY DEXUMY.

Onnako HeoGXOMHMO
OTMETUTb, YTO HpoLecc
nepexoa OJHOIO pexH-
Ma JIBHXKEHHs B JPYrofi
He SBJIAETCS MOJIHOCTBIO OOpaTHMbIM: JIAMHHADHBIA PEXHM IIepexo-
JIUT B TypO Y/NSHTHRIA NPY 3HAYUTENBHO OOJBIIUX CKOPOCTAX, UYeM
Te, MPH KOTOPHIX TYPOYJSHTHEI peXKuM NepeXOAHT B JAMUHADHBIM.
HHaye rosopsi, s «yCHOKOSHHSI» TypOYJEHTHOrO pexuma JABHKe-
Hus TpefyeTcsl MOCTHXKEHHE MEeHbUIMX CKOpPOCTe#l IO CPaBHEHHIO C
TeMH, KOTOpHIC BBIBOAAT TIOTOK H3 JIAMHHapHOrO pexXuma B TypOy-
JICHTHBIH.

JlaMHHapubll pexuMm Habmoxaercd IPEeUMYIINEeCTBEHHO IPH JBH-
JKeHHH BSI3KHX XKMJKocTeH (HedTH, OHTYMa, CMa30UHBIX Macel, MasyTa
H T. I.), @ TaKXKe NPH NBHKEHHH BOJbI 4epe3 TOHKHE KalMJIISAPHbIE
TpYyOKH.

Ouenb yacTo NPUXOAHTCH CTAJKHBATBHCA H C TypOYJIEHTHHIM DEXKH-
moM. Tak, HampuMep, JBHXKeHHEe BOJIbI B BOJONDOBOJHHIX Tpydax,
B Da3sHOrO pojia HAamopHBIX BOAOBOJAX, B KaHajaX M pekax W T. I.
npy OOBIYHO BCTPEYAIOMIMXCS Ha NPAKTHKE CKOPOCTAX TeUeHHs: MOYTH
BCEerJa XapaxkTepuayerca TYPOYJeHTHBIM PeKHMOM.

§23. YUCJIO PERHOJIBACA U KPUTHYECKASl CKOPOCTb

Ha ocHoBanHM aHasnmsa pesysbTaTOB ONBLITHBIX MCCJEAOBAHHH
u anamu3a pasmepHocteil O. PeiiHonbjac npensioxua 6e3pasMepHEBIH
KpUTEepHH
vd
Re = -, (104)
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HasbiBaeMblil uucJoM Pefinosbjaca, rpe

U — CpelHsasl CKOPOCTb;

d — nuameTp TpyOHl;

¥ — KHHeMaTH4yeCKUH KO3((HUIIUEHT BA3KOCTH KU AKOCTHU.

Yucsno PeliHosbica fBJSETCS YCJOBHEM IWHAMHYECKOrO MO A0GHs
JIBHXKYIUXCA IOTOKOB XKHUJKOCTH, HAXOJAIMXCH [PEUMYLIECTBEHHO
noJ, AeHCTBHEM CHJI BHYTPEHHEro

XapakKTEpUCTUKH pEeXKHMa JBHKe-

;§ N ﬂ
§ N § TPEHHS] U CJYXHUT LJIl Xapakre-
D S ' §§| PUCTHKH IIOTOKA HE3aBHCHMO OT
N § o S | poia  JABMXKyWIeHCA KHIKOCTH.
K ‘ 2| P . Uucso PeitHosmbica uMeeT wupo-
§ \I “@} W{%Zj;’%’”” Koe TNpHMMEHEeHHe B THJApAaBJIHKe,
NOft"5/56— B UaCTHOCTH, OHO CJYXKHT s
A
i
i

| HUA KUJTKOCTH.
' B pe3yabTaTe 3KCIEPUMECHTOB
i YCTaHOBJIEHO, UTO IPH 3aJaHHOM

- S D R nuamerpe TpyOku d H Ko3hdu-
T 4| r /| | UHeHTe KHHEMaTHYeCKOH BsI3KO-
// I | CTH Iepexoj OJHOr0 pexHMma B

A3 APYro#i NpPOUCXOIHT IIPH COBEp-
N 4’0"14‘; ' LIEHHO On i f
= S I, peneneHHOH  cpenHeil

Q ' I CKOpPOCTH  JBHXKEHHS  IIOTOKA.
ﬁ" ! [ CropocTb, NpPH KOTOPOH IpoHC-

. XOIUT CMEHa DEXHMOB JBHKe-

1% Yp— { 4 HUf, H&SbIBaeTI:ZH KpHTHUEC-
40, Ko#. Pasnuuaior nBe KpuTHuec-

KHe CKOPOCTH: BEPXHIO Uyxp 5 H
Puc. 73 HIKHIOI Uyp. n. Tlpu Bepxueit KpH-
THYECKOH CKOPOCTH JIaMHHApHbIA
peKUM IBIKEHHS INepeXOIHT B TypOyJeHTHBIH; NPH HUXHEH — Typ-
GyJNeHTHBIHl peXXuM InepexoiuT B JaMmuHapHbeid. Ilpm stom Bcerza
Ukp.» > Ukp. n. 1IPEJICTABUM pe3yJbTaThl ONbITOB PefiHombaca cxema-
THYECKH B BHJe JorapudMmuyeckoro rpaduka, YCTaHABJIHBAIOUIErO
CBfI3b MEXIY IOTepsSMH 3HEepPruM Ay M CKOPOCTBIO v (puc. 73), rue
MOTePH SHEPrHH /i, ONpeNeATCs KaK PasHOCTb IIOKAa3aHHH Nbe3o-
MEeTPOB, yCTaHOBJEHHBIX B /| —[ u /I —II ceuennsx tpy6ku (puc. 70).
W3 paccmoTpenusi rpaduKa MOXKHO CJejaTb CJeLYIOMmHe BHIBOJBI.
B o6nacti HayaJbHOH uYacTdH KpuBoii AB JaMWHapHBIE peXuM 05:-
3aTesieH, B o6jacTH KOHeuHOH KpuBoH CD 00si3aTesibHBIM SIBJIfETCA
TypOyJIEHTHBIH pexXuM, HaKoHel, B obnactTh BC BO3MOXKHBI 00a pe-
JKHMa JBUKEHHS, B 3aBHCHMOCTH OT XapaKTepa H3MeHeHHsl CKOpOCTeH
(yBenmuenne uiu yMeHblileHHe HX). OIHAKO PeXHM [IBHMKEHHSI B 00-
Jgactu BC siBjsieTcss HeyCTOHUMBBIM M JIEFKO Hapylmiaercs HOJ BJHs-
HHEeM CaMbIX HE3HAUYHTeJbHBIX NpHYMH. Oco60 HeyCTOHUHMBHIM SIBJISsIETCA
JamuHapHblil pexxuM. OG6GnacTb HEYCTOHYHMBOTO pe€XKHMa Ha3blBaeTcs
nepexofHON 00/1acTbl0 MEXKAy ABYMs PeKHMaMH
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OnBITHBIM MyTeM yCTaHOBJIEHO, YTO SHAYEHHS] KPHTHYECKHX CKO-
poctefl 3aBHCAT OT psifa (pakTOPOB, @ HMEHHO: OT BSI3KOCTH XKHJKOCTH,
€e NJIOTHOCTH M Juamerpa TPYOKH d.

st onmpeneniennss 3padeHusi KPUTHYECKOH ckopoctd PeliHosnbnc
OpeNJIOKHI CIeRyoUyio dopMyry:

vRer

Vep = 52, (105)

rae d — nuamerp TPYyOKH;

¥ — KMHeMaTH4YeCcKHH KO3(pGhHIHEHT BS3KOCTH;
Rey, — kputnueckoe wunciao PeliHosblca, MOCTOSHHOE JJIsT BCEX

JKHJIKOCTe!l ¥ COOTBETCTBYIOLLEE KPUTHUYECKOH CKOPOCTH.

CnenoBaTesibHO, KPUTHYECKasi CKOPOCTb IPSIMO MPOMOPLHOHAJbHA
BSI3KOCTH KHIKOCTH M OOpaTHO NPONOPLHOHANbHA NHAMETPY TPYOKH.
Ilostomy uem MeHbile nuaMerp TPYOKH, TeM OGoJjbllle KpHTHUECKas
CKOPOCTb M TEM CaMbIM JOJIblle COXpaHsieTcsl JIAaMMHApHBIA peXHM.

©opmyaa (105) yacto 3amuceiBaeTcs B CJeIYIOLIEM BUIE:

v, pd U,
Rer = K:: = 'LVP"' . (106)

[IpexcTaBsisieT 3HAYMTEJILHBIH HHTEPEC YCTAHOBJIEHME BEPXHErO M HUXK-
Hero KpHTHuYecKux uyuces PefiHonbiaca Rewp. » 1 Regp. u, COOTBeTCTBY-
IOIIMX BepXHHM H HIMKHHM KDUTHYECKHM CKopoctsiM. B pesyibrate
TINATEJBHO IIOCTABJIEHHBIX SKCHEPHMEHTOB, HEOJTHOKPATHO IOBTOPSIB-
IHXcsA, OBUIM oONpefeseHbl cjaelylollMe IOCTOSIHHble 3HaYeHHs YKa-
3aHHBIX BEJHYHH:

Rexp. n = 2320; Reyp. » = 13800.
CoOTBETCTBEHHO BEpXHASI M HHIKHSIS KPHTHYECKHE CKOPOCTH MOTYT
OLITh NIpEeaCcTaBJeHb TakK:

13800v 2320v
Ukp.s = 73 Uxp.n = —7. (107)

3asucuMocts (107) mokaseiBaeT, UYTO BePXHAS KPHUTHUECKas CKOPOCTb
nouru B 6 pa3 Gosbiie HuxHell. CienoBaTesbHO, nepexogHas o6acTh
(3oma BC, puc. 73) siBasieTcsl BecbMa 3HAYUTEJbHOH.

IpeoGpasyem cdopmyay (107), pjs gero BBefieM BMeCTO AHaMeTpa
TpYGKH TaK HasbiBaeMblil TuIpaBjvyeckuil paauyc R (moppoGHee
CM. JaJjiee), MHPeACTaBJSIOMNHA COO0H OTHOLIeHHe IUIOMAAH KHBOTO
ceyeHUss ® K CMOYEHHOMY MNepHMETpy y:

R=2.

Ina kpyrio#i TpyOBl I'MApaBJMYECKHH pajguyc paBeH
nd? d

T 4nd T 4
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U

d=4R.
ToncraBum 310 3HaueHue B opmyant (107):
0 = 80 _gy50
320 580
Ukp.n = 24_R? = _R_v (108}

Kak csenyer M3 H3JIOXKEHHOrO BHILIE, OMNBITHL Ha 1npuGope Peii-
HOJIBACA TIO3BOJISIIOT YCTaHOBHTb CBSI3b MEXJAY NOTEPSMH 3SHEPrUH
Il CKOPOCTSIMH JBMIKEHHS XHUJIKOCTH B TpPyOKe, T. €. 3KCIepUMeH-
TaJIbHBIM ITyTeM MOJIyYHTb 3aBHCHMOCTb Ay, = f(v). Ilpu stom sKcme-
pPUMEHT TIPOM3BOJMTCH CJENYIOIMM o6pasoM: JJs psia 3HAuYeHHIl
CKOPOCTH [IBHXKEHHSI JKHIKOCTH B TpPyOKe H3MepsaloTCsi IOKa3aHHs

IbE€30METPOB X H P . Coraacho NOJIYYEHHBIM  JaHHBIM, CTPOUTCSH

rpaduxk lghy, = f(lgv) (puc. 73), npexcrasasiomuii co6o0 JICMaHyIO
JAuHHIO. AHanu3 ero mosBoJisleT CHeNaTbh CJENyHOliHe BBIBOLBI: B 00-
JaCTH JIaMHHapHOTO peXuMa JBuxeHusi (npsmas AB) cymectsyer
JUHefiHast CBSI3b MEXIY IIOTepeH 3HepruM M CKOPOCTbIO ABHXKEHHA,
TaK KakK yroma as = 45°%

hy = Av, (109)

rae A — yraosoll KoadhduuHeHT npsmoii AB.

B o6aacti TypOysneHTHOro pexuma jBuxeHus (npsMas CD) 3a-
BHCHMOCTb MeXJy CKOPOCTbIO M TIOTEpPSIMH SHEPrHM IpaduyeckH H30-
GpakaeTcst NPAMOK, HAK/JCHEHHOH K TODH3OHTY MOJ YIJIOM a; >> 45°.
AHanuTH4YeCKH [aHHasi 3aBHCHMOCTb IIPHBOIMTCS K TaKOMY COOTHO-
IIEHHIO:

hw = an’ (110)

rae B — yrJosoii kosdduuuent npsmoi C;
n — nokasatesib CTeleHH.

Hasi o6nactv ycroiiunBoro TypOyJeHtHoro pexuma (kpupas CD,
puc. 73) n=2,0, uTO NOATBEPKJEHO [AHHBIMM MHOTOYHCJIEHHBIX
uccnefosannil. IlosTomMy B rujpaBsuke Ajg TYypOyJEHTHOTO peXuMa
JIBUXCHHS XHMIKOCTH U NpUHSITA KBaJpaTHUHash 3aBUCHMOCTE MEXNy
CpeAHeH CKODOCTHIO JABMKEHHS] U IOTEpPSIMH HEeprHH:

hy = Bo®. (1107

OnplTaMM  yYCTaHOBJIEHO TakKXkKe, YTO JJIs IepeXojHOH 06JacTH
(kpuBas BC, puc. 73) mokasarenb n usMeHsercsl B Ipefesax 1 <
< n<2. Tlpu sTOM NOKasatejb 7 YyBEJUUHBAETCS C IOBLILIEHHEM
cTeneHd TypOyJIEHTHOCTH I[IOTOKa.

Takum o6pasoM, yCTaHOBJIEHO, YTO NOTEPU HEPIHM NPH ABHKEHHH
BSI3KOH XKHAKOCTH HaxXOASTCS B HENOCPEJCTBEHHOH B8aBHCUMOCTH OT
BeJIMYHHBl CPeJHEeH CKOPOCTH JABHXKEHUS IIOTOKa,
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Mpumep 14. Tlo TpyGomposony nuamerpom d = 150 mm mepexa-
uhBaercss HepTb B KosumuecTBe 15 alcex. TpeGyercst ompenenuts:
1) pexuM nBuxeHuss npu Temneparype 10°C; 2) KpuUTHYECKyIO CKO-
pocTb IpH TOH XKe TeMmIeparype.

OnpepenuM cpefHIO0 CKOPOCTb JBUXKEHHsI HebTd M0 TpyGonpo-
BOLY:

Q__4Q _ 40-0015
©

= adlf T 314015 — 0,85 mlces = 85 cm/cexk.

U =

Buwuneanm unego PeliHogabaca:

vd 85.15
Tak kak Re > Reyp. y < Reyp. 5, TO IBHKeHNE B HedrenpoBone Gyaer
NpPOHCXOJHTh. B NepexofHoH objacTH. YcraHoBuUM no dopmyse (105)
3HaueHHe HHMKHeH KPHTHUECKOH CKOPOCTH:

Re v 2320 - 0,415
Ukpon = —g—— =15 = 54,2 cu/cex.

§ 24. MTOHSATHE O TUAPOJUHAMHYECKOM MNOJAOBUH
H KPUTEPHSX NMOAOBUA

CoBpemeHHass TeopUsi MOZEJIMPOBaHUS THAPABJHUYECKHX MAllMH
H THAPOTEXHHUYECKHX COODYKEHHH OCHOBaHAa Ha TEODHH THJPOAHHA-
Mmuyeckoro nonoGusi. OCHOBHOH 3aKOH TMHAMHYECKOro MmojoGusi, ycra-
HOBJIeHHEIH B 1686 r. HblOTOHOM NpPUMEHHTENBHO K ABHKYIIUMCS
NOTOKAM JXHJKOCTH, MOXeT G6BIThb cHOpMyJHPOBaH CJEAYIOIWHUM O6-
pasom.

B ApuHamMyecKHM NOJOOHBIX MOTOKAax IeHCTBYIOMIHE CUJBI B CXOX-
CTBEHHEIX TOYKAX IOTOKOB HOJIKHBI HAXOOHTHCA B OXMHAKOBHIX COOT-
HOLIEHHSIX. DTO COOTHOUIEHHE HOCHT B THIpABJHKE HaWMEHOBaHHE
uncaa HeloToHa.

JlBa moTOKa CYHTAlOTCS TeOMETPUUECKH NONOGHBIMH, €CJIH MEXIY
UX JUHeHHBIMH pasMepamd L ¥ [, miomansamMu 2 U o, oGbeMamil
W u w cobmonaloTcsi COOTHOIIEHUS:

=n 2oy Yy (111)
[0) w

NI[‘*

rae A — JUHedHBI MaciiTad MOXEJNMPOBaHHS, IOKA3LIBAIOUIHUH, BO

CKOJIbKO pa3 pa3Mepbl MOJEJNH YMEHBbIIEHH IO CpPaBHEHHIO C Ha-

Typo#. Ec/aM TOTOKH reoMeTpHuYecKd M JUHAMHYECKH MNONOGHEI, TO

OoHH CyAyT M KHHEMAaTHYeCKH MONOGHEI, T. €. BBIIOJHSIETCS YCJOBHE
T
T=5 (112)

rie t©— Macmtad MOJEJIHPOBAaHUA BpeMEHH,
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Onuum w3 yCJIOBHff'I IUHAMHYECKOro TOH06HS SBJAeTCsS IIOCTO-
STHCTBO OTHOLUEHH I MEXAYy IJIOTHOCTSIMH KHIAKOCTH B JIBHXKYIIHXCA
IIOTOKax:

L=, (113)
2
rape r — MacmTab IJIOTHOCTH;

p; ¥ ps — MJIOTHOCTH KHJKOCTH NEPBOrO M BTOPOrO IIOTOKOB.

Ecmu Maccy nepBoro mnortoka, HMelomero o6seM W, 0603HauHThH

uepe3 M, a mMaccy BTOPOTO IIOTOKAa, HMeIOIIero o0heM w,— uepes /1, To
M=p,W um=pw

Had Ha ocHoBaHMH (111) m (113)

M_ W 53
e = r\8, (114)
Ecau cxopocTe nepBoro notoka paBHa V, a Broporo — v, TO
L l
V= ,T- H U= ‘E’ .
CJaeoBaTesbHO,
L
Vv T Lt
K3
Ecan yckopenue mepsoro motoka U, a BTOpPOro — 4, TO
L l
U=p u=p,
HJH
L
U T L A

O6patuMcsi Tenmepb K MOJLENHPOBAHHIO CHJ, JAEHCTBYIOMHX Ha
ABUIKYIIHECS NMOTOKH.

Sanumem: S = MU; s = mu,
rge S ¥ s — CHJIBI, [eACTBYIOUE Ha TEepPBLIH H BTOPOH MNOTOKH;

L l
M u m—mMaccel; a U=F nu = ;7 — YCKOpDEHHSI NepBOro H

BTOpPOr'O IIOTOKOB.
Toraa
piWL _ o WL pWV2,
T2 - T2L - L ’
pawl  powl®  pywu?
Y A A
OnpepnenyM COOTHOIIEHHS CHA S M §:
S _ pWVH _ pyL2V?
s Lpgwu? T pyl?v??

S =
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TaK KadkK
W, L
o =N=F-

Jns nuHaMHyecKoro mojoGus HeoOXOIHMMO COGJIOJieHHEe CJeNYIOUEro
YCJIOBHS:

Il

2y 2
-‘:— 9;;2:2 = const = N,. (117)
PaBenctso (117) sBasiercs MaTeMaTHYECKHMM BBIPAXXEHHEM OCHOBHOTO
3aKOHa JHHAMHYECKOTo IOJCOHS.

Ecau pgBHXKymuecss IOTOKH KHAKOCTH HaXOZATCA TOJbKO MOJ
JleHCTBHeM CHJI TSXKECTH, TO 3aKOH JMHAMHUYECKOTro MOJOOHSI MOJYyYHT
GoJsiee npoctoe BbipaxKeHHe. JleHCTBHTEJbHO, B 3TOM cJydae CHJbH S
H S ONpenesioTcss TaKMMH 3aBHCHMOCTSIMH:

S =pgiW u s’ = pygeo,

Tle pyg; H pags — NJIOTHOCTH KHJAKOCTH H YCKODEHHS CHJIBI TSI3KECTH

B NI€PBOM H BTOPOM IIOTOKaX. Torna
M 2131 ___PlglLa

s 7 pageo pedal® *
Tax kax no ¢opmyne (117)

S S’
5 =57 = const = N,
TO
p1g1L? . p1L2V2
Pagal®  pol®0?’
cJIeJOBaTEeJbHO,
&l _ paV?
pagal pav? ’
YTO IO3BOJISIET 3aNUCaTh
oL __V*
gl vt
Taxum 06pasom,
1% v?
gl—L = é; =1Ir. (118)

3aBucumocTs (118), siBasIOMmasCcs] YacTHBIM ciyuaeM oGLIEro 3aKoHa

JHMHaMHYecKoro nojo6Hsi, HefCTBUTENbHA JJi IIOTOKOB 3KHJIKOCTH,

HaxoJAMXCS TOJBKO IOJ JeHCTBHEM CHJ TSAXKEeCTH, H Has3blBaercs

3aKOHOM rpaBHTalMOHHOrO noxo6us Ppyna. IlocrosHnas Gespasmep-
Hasi BeqHuHHa Fr ectb yHcao Ppyna.

OG6bIYHO YCKOpEHHs! CHJIBI TSXKECTH B MOJOOHBIX MOTOKAax OXH-

HaKOBBI:

&1 = &a.
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Torma 3akon ®Ppyna moJsyuaer Takoe BhIpaXKeHHE

Jnsi nopoGus BYX INOTOKOB »KMJKOCTH, HaXOAAIIMXCS MOJ Jel-
CTBHEM CHJI TSKeCTH, Heo6Xoaumo, uTo0b uncjo Ppyaa B oboux
noTokax ObJIO oxuMHakoBo. IIpu 3TOM 115 mepexoja OT THJpaBJH-
YeCKMX 3JIeMEHTOB, MOJiyyaeMblx Ha MoJeau (0603HaueHbl HaMH
MaJbIMH  OGyKBaMH), K THIPABJIHYECKHM 3JIeMEHTaM JeHCTBHTEb-
HOro MOTOKa (06G03HaueHbl OOJBIIMMH OyKBaMH) IPHMEHSIIOTCS 3a-
BucuMocTH (120) — (125), KoTOpble MOryT OBITb NOJIyYEHBI Ha OCHO-
BaHMH paHee YCTaHOBJIEHHBIX cooTHomienui (111), (115), (117) u (119):
1) s ckopocreit

% L
F=T =M
HJIH
V=uv)\ (120)

2) HOnsa pacxozna

U
Q =gy (121)
3) Ons Bpemenu
L l Lt vV T v
TaK Kak —1—,=V H o =0, 10 3=, WH 7=,
T Lov N —
TOorjaa 7=t_7:l—/==1/ ,
HJIH
T =tV (122)
4) Oas cun
S=gL%u s=gl.
CaeioBaTenbHo,
S _gLl s
s gl !
HJIH
S = sA3, (123)
9) Ilaist rHApocTaTHUECKHX NaBJIeHHt
S s
P = §- U p= w_ »
TOT a
P Slﬂ }\3
5— — —s— — F = )\’
HJH
P = \p. (124)
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6) Jlaisi YKJIOHOB

H . k
J = A Hil= T
TOorja
J_HL_ %
Teme=T b
HJH
[=i. (125)

Ecav NOTOKM KMAKCCTH HaXOAATCS TOJNBKO INOJ JEHCTBUEM CHJI
BHYTpPEHHEro TpeHHsl (CHJ BSI3KOCTH), TO 3aKOH JHHAMHYECKOro Io-
no6us (117) 6yzmer mpejcTaBJeH B HHOM BHIE.

Panee ykasplBaJioCh, YTO CHJa BHYTPEHHETO TpEHHS KHJKOCTH
Moxer GBITb ompejiesieHa 3aBHCHMOCTBHIO (4):

du
TTp = [&S (m .
Y cTaHOBUM pasMepHOCTb CHJIbI BHYTPEHHEIO TpEHHd:

TTp == p‘lL 2 ",L_l
H

tTp = }121201_‘.
CocTaBUM OTHOLIEHHE
7:2 LV
i polu -~

C Jpyroii CTOPOHBI, COIJIACHO 3TOMY BBIPAXKEHHIO JJIsi JEHCTBYIOUUX
CHJI JHHaAMHYECKH NoJOGHBIX TIOTOKOB JOJIZKHO CBITh  COGJIIOZI€HO
yCJIoBHE

7_"‘_9 _ paL?V?

S
ST, Tl T const = N,.
Ciie0BaTeNIbHO, MOMKHO 3aMHCATD:
p LV p,L2V? VL v
S =0 oy — = —,
wolv pal®v® ? o N
P1 P2
Torna
VL lv
== Re, (126)
VL Iv

TaK KaK BbIpaxKeHHE Y_HV_ €CTb He YTO HHOe, KaK YHCJIO0 Peii-
1 2

HOJIbJICE, TJie BMeCTO JHaMeTrpa TPYOKHM d CTOAT JMHEHHBIE Napa-
merpsl L n /.

CaenoBatesbHo, 1Jsi TOACOMS JBYX TNOTOKOB XKHIKOCTH, HAaXo-
NAMHXCA TOJNBKO IO JeiCTBHEM CHMJl BHYTPEHHEIO TpeHHS (CHJ
BSI3KOCTH), HeoGxoAnMo, uTo6hl uHcJo Re B o6oMX NOTOKax ObLIO
onunakoso. Takum ofpazom, uncjo Re mnpejcrasjsier coGolt ycJo-
BUE JIHHAaMMYeCKOro NnojoOusi NMOTOKOB KHJKOCTH, HAXOASAIHXCH NOXA
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NEACTBHEM CHMJI BHYTPEHHero TpeHHd. B sToM sakaiouaercss ¢usu-
YeCKMH cMbICA 4ucJaa Re.

OrtMetuM, 9YTO CO3XaTh MOJEJb COOPYKEHHsi, OJHOBDPEMEHHO
YIOBJIETBOPSIONL YIO  YCJIOBHAM MojesnupoBanuss no @Ppyay u Pei-
HOJIbACY, He NPECTaBJASETCS BO3MOXKHEIM, TaK Kak 10 ®pyay N0JKHO
6biTh cobmoneHo yciosue (120):

V=u VX"
a no PefiHosbacy — ycaosue (126):
v
V=uv ;2-1;-\ .

CoBepllIeHHO OYeBHJHO, YTO OJHOBDEMEHHO 3TH YCJOBHsS BBLICDKaHEL
6bITb HE MOTYT.

Ipumep 15. OnpenesuTbh OCHOBHBIE pasMepbl MOJE/JH OTCACLIBA-
1omeld TpyObl TMAPABJMYECKOH TYpOHUHBI, HMeOLlel cJeayoue pas-
Mephl:

nuamerp paboyero koJieca TypOuHbl D = 840 mum;

BXOJHOI JuaMeTp oTcachiBawolied TpyOu Dgpyx = 1170 mm;

HauboJbliasi JJIMHA KOHYCHOH uvactu [y = 2500 ma;

BBIXOJHOH AuameTp orcachiBamouiell TpyObl Dgux = 1740 mm;

ofmasi AJMHA oTcachBawomed Tpyoel L = 3500 mm;

pacxox BojIbl, mpoxozsimeil yepes TypOuHy, Q = 970 a/cex;

JIMHEHHBIH MacliTab MOJIeJHPOBaHHusS A = 5,

OnpenesuM OCHOBHBIE pasMepbl MOJEJIH:

Juamerp pa6oyero koJjeca TypOHHBL:

D, 840
DM =T=_5—= 168 MM,

BXOJHOH JAMaMeTp OTcachiBawoliell Tp yO6bl

D 1170

Dix.w = —B;'——"-=—5L=234 MM

Haubosbliasg AJIHHA KOHYCHOH 4acTH

l 2500

IKM-——%‘:T:sOO M,

Tak Kak npu HCTEUEHHH MXHJAKOCTH Yepe3 OTCACHIBAIOW(YIO TPYOCY
OCHOBHOH JeHCTBYIOIIEH CHJIOH S$BJSIETCA CHJA TSIXKeCTH, TO Moje-
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JupoBanyve OyleM npousBoiuTh No 3akoHy Ppypa. [loabsysce sa-
BUcHMOCTBIO (121), onpenesnum Maciitab pacxojoB:

g_" )X =5,0150 =55.9.
CJ'le}lOBaTEJIbHO, pacxon MoAeNH JOJI2KE€H COCTaBJIATH:
Q 970
Qy = -2—];——}_\. =355 = 17,35 a/cex.

YcraHoBHM pE€XUM [OBHUXKEHHA HA MOJEJU B BbBIXOJHOM CEYE€HHUU
oTcachBalomed TpyObl, Tle CKOPOCTb TEUeHUs SBJISIeTCS HaMMEHbLIeH:
7D2x W 3,14 - 0,348?

T = )

Qu _ 001735
o, 00952

Wy =

= 0,0952 m2;

Uy = = 0,182 m/cex = 18,2 cm/cex.

Jns yCTaHOBJEHHS peXHMa [BHXKEHHS BBIUMCJMM uYucj0 Re (npu
t = 10°C):
v,D,, 18,2 - 34,8

Re, = =2 = 2t = 48400 > 2320,

CaeoBaTeJibHO, B OTCachiBawLleH Tpy6e MMeeT MeCcTO yCTOHUMBHILL
TypOYJICHTHBIH pEXHM.

Takum o6pasoMm, B JaHHOM cJjyyae cOOMIONAETCS] OJHO H3 BaKHBIX
VCJIOBUH MOJEJMPOBAHHS: PEXHUM JBHXKEHHS Ha MOJeJH U B HaType
oxuHakoB. Ecsm 6bl Ha MOJenN oOKasaJcs JaMHHapHBIH DpeXHM, TO
IpUILIOCh Obl YBEJHYUTh Macilitab MOJENM JJisd TNOJIydeHHs OJHHa-
KOBOTO C HAaTypoH peXuMma.

OnpepesuM Maciitab ckopocteit mo 3aBucumoct (120):

)\v = V— = Vg = 2,236.

CrnenoBatesibHO, J1Ji1 ONpeJeJieHHsl BeJHYMH CKODOCTeH TeueHus,
KoTopble 6yAyT Ha JeHCTBUTEJbHOH yCTaHOBKe, HEOOXOLHUMO CKOPOCTH,
nosyyaeMble Ha MOJEJH, YMHOXHTb Ha 2,236.

§ 25. THAPOJMHAMHYECKA S TEOPHS CMA3KH

Jns  ymeHbleHHs] TpeHHsI INpPH BpaIleHHH OTJeJbHBIX YacTed
MEXaHH3MOB H YBEJHYEHHSI HX COXPAaHHOCTH IIPUMEHSIOTCSl pasJuy-
Hble CMa30uHble MacJsa, KOTOPBIMH CMAasblBalOTCSl TPYLIMECs MOBepX-
HocTd. Tak, HampHMep, cCMasblBalOTCSi NOBEPXHOCTH Land ¥ NOA-
IUAMHMKOB BpAIIAIOMUXCSA Ocefi U BaJjoB, NOBEPXHOCTH MNOpILHEHd H
LMJHHJDOB JBHraTeseil BHYTPEHHEro cropaHus H T. A. B pesysbtate
CMasKH MexJy uangoil H HNOMMHMIHUKOM 06pasyeTcsti TOHKHH CJOoH
CMa3o4yHOro MacJa.
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Jlosroe Bpemsi TpeHuwe Mexay uandoil N NMONUMNIHAKOM BO BCEX
CJIydasix ONpeje/iijioch Kak TpPeHHe MeXJAYy [ByMS TBEpIAbIMH Te-
Jamn. BrepBrle Ha HenpaBMJIBHCCTH TaKOro crocofa oOnpefeseHHs]
Tpenusl yKasaJ KPyIHbIH pycckufi yuennlii npod. H. Il. Tlerpos,
KOTODBIHl OTMETHJI, YTO B JaHHOM CJyyae He IPOHCXOIHT TPEHHsi
MeXJ1y TMOBEpXHOCTSIMH TBEpABIX TeJ, TaK KaK CMasbiBAIOLIUE CJIOH
COBEpIIEHHO OTAEeJsIeT Tpyluuecss TBepjble IOBEDPXHOCTH OJHY OT
Ipyrof, He ponmyckas HX B3sa-
MMHOTO CONPHKOCHOBeHHs. B cu-
JIy 3TOro 0O6CTOsiTeNLCTBA HE MO-
XKeT CYIIeCTBOBAaTb HENOCPenaCT-
BEHHOTO TpEHHS TBEpIBIX Tell,
eciu OyJner ofecrneyeHa HeoOXo-
I¥Mass MHHHMaJbHasi TOJIIHMHA
CMa3bIBAIOLIEro CJIOS.

B coorBercTBHH ¢ Teopueil
npod. H. Il. IlerpoBa cmask-
BAIOHMIWH CJIOH, IOMEIAOIMHIICsT
MEXJy ABYMSI HeCONMpPHKAaCaloUIU-
MHCSI TIOBEDXHOCTSIMH, OTHEJISET
uX OpYyr OT Jpyra, npuJjunas
K Kaxnoii Hu3 HHX. Bo Bpewms
. IBUXKEHHs CMa3blBaeMOH JeraJiu
b] MalWXHBl TPHJHNIIHE K HeH uya-

P NoGwsrsir oy YBJIEKAIOT YacTb CJOSI
CMa3KH, 3acTaBJisii €ro  JBH-
r N raTtoCsl BMECTe C NpHJerawmei K
) YINY) Kan@a  yell MeTAJJIMYECKOH YaCThIO.

Ilpu onpemenenHolt cKOpOCTH
b \rq- BpallleHUsl BaJia B 3TOM CJyudae

Crou NPOUCXONHT 2KHAKOCTHOE TpEHHE
m Cmaiziw

MeXIY OTIAEJNbHBIMH CJIOSMH KH JI-
] KOCTH, 0€3 HernocpenCTBEHHOrO

‘e KOHTaKTa MeXJAy IOBEPXHOCTBIO

Puc. 74 muna ¥ nogmunuuka. B kaaccu-

yeckoH pabote «T peHue B MalIHaX

W BJHSHHE Ha HEro CMasbiBaiouieil »KHIKOCTH», ONyOJHKOBAaHHOH B
1883 r. B «MHxeneprom xypuases!, npod. H. Il. IlerpoB manoxua
CBOIO TMAPOJMHAMHYECKYIO TEOPHIO CMasKH, NPHHECIIYIO €My MHpO-
BYIO M2BECTHOCTb H IIPU3HAHHBIA NPHOPDHUTET B pEIIEHHH 3TOH upes-
BbldaliHO BaxHOH npoGsembl. Huzke Mbl NPHBOAHM JIMIIb KpaTKoe
M3JI0OXKEHHe 3TOil TeOpHUH, a TaKKe CBEIEHMs O €e JIaJbHeHIlleM pas-

1 Cm. takke H. II. Ilerpos. TImapoannamuueckas TeopHS CMa3KH.
U1s6p. pabotel, M3x-e0 AH CCCP, 1948; B. 1. Koctomapos u A. . Byp-
reuL. OCHOBONOJIOXKHHK TEOPHH THAPOAHHAMHYECKOTO TpEeHHs B MalIHHAaX
Hukosaii ITanoBuy [lerpos. Maiurus, 1952.
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BUTHH B TPYZLaX OTEUECTBEHHBIX YUYeHBIX, TaK KaK JaHHas Ipobsema
BecbMa OOWIMpHA M B Hally 3ajayy He MOXeT BXOIHTb ee NMojipoGHoe
u3JoXeHue, TeM GoJiee, 4TO el MOCBSAIEHO MHOIO CHELHAaJbHBIX HC-
CJeOBaHHE M TPYJIOB.

Hna cocrtaBnennsi ofiero npeicTaBjeHHs O JAaHHOH TEOpUH pac-
cMoTpuM npocteduuil caydya# B konuenuun H. IL. Ilerpoma, coor-
BETCTBYIOIIMH TpPeHHIO Landbl B NOJIINMIHUKE INpPH KOHLEHTPHYECKOM
ee BpalleHHH (6e3 3KCLEHTPHMCHTETa) B NpeANoJIOKeHHH, uTo uamnda
NIOKPBbITa paBHOMEPHBIM CJIOEM CMa30YHOTO MacJja TOJIIMHOH ©
(puc. 74a). Tlpu stom paauyc nangsl o603HauUM Yepes r, a ee JJiH-
Hy — uepes /. [lpu Bpamenus nangnl ¢ OKpYKHOH CKOPOCTBIO U Ya-
CTHIIB CMasOYHOIO MacJsa, PacClOJIOXKEHHBIE y IIOBEPXHOCTH LAINQbI
W IpuJunIl¥e K HeH, OyAyT BpamaThc C TaKOH Xe CKOPOCTBIO.
Ilo Mepe ynasnenust yacTHIL CMa30YyHOrO Macsa OT Landbl OKpYXKHas
CKOpOCTh BpalleHHs] HX OYyJieT yMeHblaTbCs, Najasg A0 HYJsSl y CTeH-
KH nommuneuka. OCo3HayuM uepe3 <t HaNpsKEHHE CHJIBI TPEHHs
nandsl 0 CMa3oyHOE MAacJio, NPUXOJsALIeeCss HA €NHHHIY IJIOWAJH,
KOTOpoe HashlBaeTcsi yJeJibHOH cHJOH TpeHHs. Bocnosbsyemcs aHa-
JIMTHUECKHM BblpaXKCHHEM 33aKOHa BHYTPEHHEro TPEHHs, IOJyYeHHBIM
H. I1. IlerpoBeiM M3 paccMOTpeHMsl YCJOBHHl NHHAMHYECKOTO pPaBHO-
eecdsl CECKOHEYHO MaJIorO 3KHJKOTO KJHHA CMaskKH, 3aKJIOYeHHOro
MeXJy IBYMSI UMJHHIDAMH:

du
T :P‘E N

du
rue v rpagyueHT CKOPOCTH;

@ — JUMHaMHYeCKHIl KO3((HIHEHT BSI3KOCTH.
Ilonnass noBepXHoCTb Handgbl, NC KOTOPOH IPOHCXOJIUT TPEHHE O
CMasKy, paBHa
S = 2nrl.

Ilonnas cusa TpeHus nangsl O CJOH CMa3oYHOrO MacJia oOmnpeje-
JIMTCsi BBbIpAaXKE€HHEM
du
T=S=pSZ . (127

HpmmB, YTO CKOPOCTb BpalleHHsA YaCTHI[ CMa3O4yHOro MacJ/Ja Ha TOJi-
[HHe ¢JIosi & JIMHEeHHO H3MeHseTcs OT U JO HYyJIsl, MOXKHO OIpENEeJHTDb

du o
TpaZiHe€HT CKOPOCTH 'd—r cJeymouled 3aBHCHMOCTDBIO!

du u

dr — %
Torpna

y L (128)
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Q®opmyay (127) MoxHO mpeicTaBUTb H B HECKOJbKO HHOM BH]E,
Tn
BBE/ll B PACCMOTPEHHe YIJIOBYIO CKOPOCTb BpPAUIEHHAA ® = z5, TA€

n — 4ucJjo OGOpOTOB Bajia. Tak Kak u = or, TO
du u wor wnr

ar T % T % T w0

IlostoMmy BepaxkeHue (127) 15 NOJIHOH CHJIBI TPeHHs LaN@bl MOXKeT

ObITb NpPEACTaBJEHO CJeRYIOMHUM 06pasoM:
nnr n?riln ,
T-—Q}LS-O—?;TH'[—[L'—E%—. (128)
Hrak, cuna tpenus nancdsl npH 3aiaHHBIX ee pasmepax (r u /)
npsIMO IPONOPLHOHANbHA BA3KOCTH XKHJIKOCTH M 4HMCJy 06OpOTOB H
o6paTHO IIPONOpPLHOHAJBHA TOJIIHHE cMasbiBaomero cJjos. Ompe-
JieJIMM Telepb MOMEHT CHJIbI TPeHHs Langbl OTHOCHTEJbHO OCH Bpa-

IIeHUsS. DTOT MOMEHT, PaBHBIH

2nrilu n2rdln ,
JlaeT BO3MOXKHOCTb YCTaHOBHTb pafoTy CHJI TpPeHHs Uangbl:
. __pn¥rilnmn parSin?
Ar = M0 =55~ = 5 - (130)

IlpuBeieHHBlE 3aBHCHMOCTH IOJYYeHH B IpejOJOXKEHHH, YTO
TOJIIMHA CJIOST CMasbIBAaloIedl KUJAKOCTH 0 OXHHAKOBa II0 BCeH OK-
pyxHOCTH nandgsl. TO COOTBETCTBYET CJyYald CTPOr0 LEHTPAJbHOrO
pacrosioxkeHHs1 nandsl B MOMIHIHMKe, Korja nanda Bpamaertcs 6e3
3KCIeHTpHcHTeTa. [IpaKTHUeCKH JKe Bcerza KMEeT MeCTO 3KCLUEeHTpH-
CHTeT BpallileHHs nandbl Baja OTHOCHTEJbHO MNOAMIMIHHKA, TaK Kak
reoMeTpuyeckass OCb BpallleHHs Hangbl He coBHajaeT C reoMeTpH-
4ecKOH OCBhIO MOJIHNHKKA, KaK 9TO, HalpHMep, NIOKa3aHO Ha pHC. 746.
B stOM cuyuae 3HaueHUsi MOJIHOH cuJbl TpeHHs1 T, MOMEHT 3TOi CH-
Jasl My, a Takke paGora Ar JOJKHBI YMHOXKATbCSI HA TNONPaBOYHEINR
K03(DHLHEHT:

8 — 2 (1 4 2¢?)
TeteyVi—=e’
e
rae ¢ =+ ;
€ — BeJIH4YHUHa sxcueu'rpncme'ra.
Torza
2,2
T = g**_%‘f; (131)
My =pt=zin, (132)
2
Ar =p ot (133)
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Kpynuedmuii pycckuit yuennit H. E. )XykoBcknii passua pe-
menne nocraBiennoii mpod. H. I1. TlerposbiM 3ajzaun o IABHIKEHHH
BA3KOH JKHJIKOCTH B CMa3OUHOM CJIO€ MeXJYy LIMIIOM U IONIIHITHH-
KoM. DTa sajiaua HauljJa CBOe IIOJIHOEe pelleHHe B COBMeCTHOH paGote
H. E. JXyxoeckoro u C. A. Yanaerusa «O TpeHHH CMa3O4YHOTO CJIOf
MeX1y LIANOM W NOJIIHIHHKOMY, omy6jukoBaHHOH B 1906 rony.

Hanpreiiuee pasButne wupeii mpop. H. II. TlerpoBa ¢ yuerom
BCeX IPAHHYHBIX YCJIOBHH M YCJOBHH INOJa4¥ CMasKH OCYLIECTBJIEHO
BO MHOTHX TpPYJaX COBETCKHMX YUYeHBIX H, B YacTHOCTH, B pa6orax
axag. J1. C. JleiiGensona.

I rasa uemeepmas
YPABHEHHUE [IBW)XEHHSA )XUAKOCTHU

§ 26. AMPCEPEHIHAJIbHBIE YPABHEHHS IBVOKEHUS HAEAJIbHON
XXUAKOCTH

Kak yxasblBajoch Bblllle, OCHOBHOH 3ajauell TMAPOAHHAMHKU SIB-
Jsietrcsi H3ydyeHHe JBUXKEHHS XKHIKOCTH, XapaKTePH3YIOUIerocsi cKo-
pOCTSIMH JBHXKEHHS YAaCTHIL H JaB-

JICHHEM. z U,

B pas/MyHBIX TOYKAX JBHXKY- o VA
mefica KUAKOCTH B pe3yJbTaTe Jei- :;'/“;1—9 Uy
CTBHsl BHEIIHHX CHJ  BO3HHUKAET uy 1z
JaBJjeHHe, Ha3blBaeMoe TI'HApOAHHA-
MHYECKHM B OTJHYHEe OT THJIpO-
CTAaTHYECKOTO JaBJIeHHS, caoﬁucmeﬂ- 0 T
HOTO KUJKOCTH, Haxojsileics B f
pasuoBecuu. [IlostoMy ozmHOH  H3 x
sajiay  CHIPOAMHAMHKH  SIBJI€TCS gy~
onpejeseHde BeJHYMH THADOAHHA-
MHUECKOro JaBJieHHs, BO3HHKAIOIIEro
BHYTPH JKHIKOCTH, a TakKike CKO-
pocTeii IBHKEHHS YacTHIL H BCEro IOTOKAa B uesioM. [lisi pemenns
STHX 3ajlay HeOOXOAMMO COCTABUTL yDaBHEHHS! IBHUMKEHHS XXHMIKOCTH,
CBsI3LIBAIONIME MeXKAY COOOH CKOPOCTH M YCKOPEHHsl C CHJaMH, Jeli-
CTBYIOWIMMH HA JBUXKYLIMECH YacTHIB XHAKOCTH. s sToro pac-
CMOTPUM JIBHJKEHHE 3JIEMEHTADHOTO KHJKOrO TeJa B BHJIe mnapaJe-
JIETIHIIE/IA, BBIIEJIEHHOTO B INOTOKE HJE€aJbHOH KMAKOCTH (pHc. 75).
OGo3nauuM: p — AaBJieHHe; 4 — CKOPOCTb JIBHIKEHHMS OTHeJbHON ua-
CTHULB! XKHAKOCTH; Uy, Uy U U, — COCTABJISIONINE CKOPOCTH % MO OCSM
KoopauHat (puc. 75).

[TpennosoxuM, 4YTO HA JABHKYILYIOCS KHIKOCTb JEHCTBYIOT O0b-
€MHbLIe CHJIbl, MPOEKIHH KOTOPbIX Ha OCH KOODJIHMHAT, OTHECEHHHE K
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eJMHYIE Macchl, COOTBETCTBeHHO paBHH X, Y, Z (3mech MBI coxpa-
HsieM 06O3HaueHHs, MNpPHHATBIE B TMAPOCTaTHKe NP BbIBOZe aH(de-
pEeHLUHAJIbHBIX YpaBHEHHH paBHOBeECHS).

O6uye ypaBHeHHs! IBHMKEHHs HJ€aNbHOH MKHAKOCTH MOTYT OBITh
rnonydyeHsl u3 JuddepeHnNaJbHbIX YpaBHEHHH paBHOBeCHs TOH 3Ke
KUAKOCTH, ecy, corjacHo npuHuuny J[I’Ajsambepa, K JAeHCTBYyIOUM
CHJIaM NPHCOEIMHUTH CHJIbI HHEPLHH,

Cusibl aBJIeHHsI M MacCOBBIE CHJIbI, BXOJsIHe B AubdepeHInab-
HBle ypaBHEHWS] PaBHOBECHSI, NMPEACTABJEHbl B BHJe NPOEKUHH HA Ko-
OpEMHATHBIE OCH X, Y, 2, TIPHYEM STH IIPOEKIUH OTHECEHbl K elu-
Huue Maccel. [109TOMY M NpOEKUMH CHJI HHEPUHH HOJIKHBI GbITH INpPH-
coeJiMHeHbl K ypaBHEHHSM paBHOBecHs, OyAydYd OTHECEHHBIMH K eflH-
HHIlE MacChl, T. €. B BHJE:

ou du du

X Y.

h=—gridv=— g = — - (134)

3HaK MHHYC 3/lecb IOKa3blBaeT, YTO CHJIbI HHEPUMH HalpaBJeHbl B
CTOPOHY, NPOTHBOMNOJOXKHYIO YCKODEHHIO.

Wrak, npucoenynus x pnuddepeHUHalbHBIM YPaBHEHHAM pPaBHO-
BecHsl Dilnepa npoexkuuu cus HHepuuH (134), nosyuum:

10p du, )
X-aa—mwol
Lop 0wy 3, (135)
Y—za“ﬁr—o’l
1 op duz_
Z—Fum—w =9
HJIHU
du, 10p)
a =X aa’
duy, _, _10p 3. (136)
dt payi
du, 10dp
T =l 7%%)

TMoayuennas cucteMa ypasHeHuit (136) ycranaBinBaer cBA3b Me-
Xy NPOEKUHsIMH OOBEMHEIX CHJI M CKOPOCTeH, JaBJEHHEM W IJIOT-
HOCTbIO JKHIKOCTH. DTH ypaBHEHHS] NPEMJOXKeHb HAeHCTBHTeJbHBIM
yseroM Ilerep6ypreroil akanemun Hayk Jleonapnaom Jitnepom B 1755 r.
v ony6aukoBaHbl UM B 14-M Tome «Mapectuit Iletep6yprckoii Axage-
MHH Hayk» B 1769 rony. Ilostomy npusenenHbie Buule gudxbepennnalib-
Hble ypaBHEHHs JBHKEHHS HJeaJbHOH XKHIKOCTH, CTaBUIHE HAay4YHOH
OCHOBOH JJi H3yYeHHs TJIABHEHIIHX BONPOCOB THAPOAHHAMHKH, H
Ha3bIBAlOTCSl ypaBHEHHAMH Jiisepa.
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§ 27. IM®PEPEHUUAJIBHOE YPABHEHHE HEPA3PBIBHOCTH
JJI MAEAJIBHOM )XULKOCTH

Boite Mbl noJgyduau Tpu AuddepeHnHabHLIX ypDABHEHUS [ BH-
JKEHHsl, YHCJO KOTOPBIX He »BJsieTcsl JOCTaTOYHBIM I/ Onpejese-
HHSI CKOPOCTEH ¥ [aBJeHHH B INOTOKE KHIKOCTH.

BriBeieM ueTBepTOE ypaBHEHHE, KOTOPHIM SIBJISETCH YpaBHeHHe
HEPa3PHIBHOCTH. Jlnst 3T0r0 BbIEJMM B HIeasibHOH >KHUIKOCTH, Ha-
Xosilelicsl B ABMXKEHUM, B obnacTu Touku A (puc. 76) GeckoHewHo
MaJjuiii mapamienenuneg / —2—3—4—5—6—7—8 ¢ GECKOHEYHO Ma-
aeimMu - peGpamu  dx, dy u dz.
dror mapaJuleienunes, npeicTas- z — — — —
JASIOMUHA cO60H yacTb INPOCTPaH- - -
CTBa, SIBJISIETCS  HEINOJBHKHBIM,
HO YaCTHIIBl MHUIKOCTH JBHXKYT-
csl uyepe3 Hero C HEKOTOPHIMH
ckopoctsiMu. [lpenmonoxum, uro
CKOpoCcTb B Touke A paBHa u, a
[IPOEKUHH 3TOH CKOPOCTH Ha OCH
KOOpAHHAT — Uy, Uy, U,. Dynem
CYHTaTh, YTO TOYKA A JEXHUT Ha
rpasu napaJnesenunesa [ —2—
3—4. Tak Kak CKOpOCTH JBH- )
JKeHUsl YacTHL H3MEHSIIOTCS B
3aBUCHMOCTH OT HX IOJIOXKEHHS B Puc. 76
JKMJIKOCTH, CKOPOCTb B TOUKe
A’, pacnoJyiokeHHOH Ha rpaHH §—6—7—S8, GyAeT OTJHYATbCH OT-
CKOPOCTH B TOouKe A, NOCKOMBKY Toyka A’ OTCTOMT OT TOUKH A Ha
paccTtosiHuH dx.

Ilo aHasnoruu c NOHSITHEM O TpajHeHTe IaBJEHHS BOCMOJB3YyeMC s
TIOHSITHEM TpajveHTa CKOpocTH. ['pajiueHT CKOpPOCTH IIpejCTaBJIseT

- 4 s __
— — —T
—3 X! 7 Hix
— l.«_-_—:__».l{,* a’zi

—_— | — 56_._.__

LTy
|
]
I

&N — —,

u
coboil BenHunHy —— . YacTHas npousBofHAsT 31eCh B3fATA IIOTOMY,
dx

4TO IIPH MEpeXofie YacTHll KUJIKOCTH H3 ToukM A B Touky A’ Me-
HAeTCsl TOJIbKO OXHa KoopJiuHata x. CjiegoBaTesbHO, CKOPOCTb B TOY-
Ke A’ MoxeT ObiTb Bbipa)KeHa CYyMMOI
a X
U, =ty + 37 dx.

Tak xak rpanu napannenenunena | —2—3—4—5—6—7—8 saBas-
10TCl GeCKOHEUHO MaJsibIMHM ILJIOIIAJKaMH, CKOPOCTH BO BCeX TOYKAX
S3TUX TrpaHefl MOXHO TNpPHHATb OJIMHAKOBBIMH. I[loicuHTaeM Maccy
XHJAKOCTH, BTeKawollefl 3a BpeMmst df BIOJb OCH X B paccMaTpHBae-
MbIH IapaJuiesenunes uepe3 rpab /—2—3—4, H Maccy >XMJAKOCTH,
BbITEKAIOLeH U3 Hero yepes rpaHb 5—6—7—38 3a To Xe BpeMd. 3a
Bpema df yepe3 rpaHp [—2—3—4 ngomanbio dydz BTeKaer Macca
KU AKOCTi

odydzu.dt,



a yepes rpasb 5—6—7—§ nuomansto dydz BeITEKaeT Macca KHIKO-
CTH

a
pdydz (ux + —a% dx) dt.

CrenoBaTesIbHO, U3MEHEHHE MAacChl KHJKOCTH B IapaJijesenunene
B pe3yJbTaTe JBHXKEHHA €e uepe3 rpaHH, HOpMaJibHbie K OCH X, 6y-
JE€T paBHO PasHOCTH YKa3aHHBIX BEJMYHUH:

a
pdydz (ux -+ —ouf dx) dt — pdydzu,dt = pdydzu,dt -

0 0
o5 dxdydzdt — pdydeu,dt = p 5 * dxdydzd. (137)

Vizmenenne Macchl XKHUIKOCTH B napaJieJenunene, Mnpoucxousuee
B pesyJbTaTe JBUXKEHHS €€ 4Yepe3 rpaHH, HOpMaJibHbIE K OCSM Y H
2, onpenedsieTCss aHaJOrMYHBIMH BblpaXKE€HHUSMU:

ou
p ?3})1 dxdydzdt; (137)

[7)
p == dxdydzdt. (137")

Tax Kak KHIKOCTb CUHTAETCs HECKHMMaeMoil, TO Macca KHIKOCTH
BHYTPH pPacCMaTpPMBAEMOro IapaJlesienynena AOMKHA GbIThb IOCTO-
saunod. CrejoBatesibHO, OOMAasi CyMMa HM3MeHEHHH MacChl KHIKOCTH
B napaJuiefienvie]e JIOMKHA OHTb pPaBHA HYJIO:

lé] a 0
o == drdydadt + p 3”-; drdydzdt + p 3* drdydzdt = 0,
HJUu 1nocJe COKpameHHﬁ
ou, ou,, Ou, —0
w ot =0 (138)

INonyuennast 3asucumocth (138) sBasierca puddepeHnHa bHEIM
ypaBHEHHEM Hepas3phlBHOCTH JJifi HECXKHMaeMOH XKHIKOCTH, Mpef-
cTaBjsiomuM coGoil yeTBepTOe YypaBHEHHE B CHCTeMe AHGbepeHIH-
aJbHBIX YpPaBHEHHH [BUIKEHHS KU JIKOCTH.

§ 28. YPABHEHHME BEPHYJUIH 1J15 3JIEMEHTAPHOH CTPYWKH
HAEAJIbHON XUAKOCTH

PaCCMOTpI/IM 3JIEMEHTAPHYIO CTpYﬁKy HJleaJIbHOH XUOKOCTH, Ha-
XOI[ﬂIIlGﬁCH B yCTaHOBI/IBLIIeMCH JIBHIKEHHH. IIJIH HCcJeJOBaHHsI BOC-
0Jib3yeMCsl lII/ICI)q)epeHHHaJIbeIMH YPaBHCHHUSMH [BHXXEHHSA B Q)Opme
(136):

dt p Ox
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du, 1dp,

dt 0y’

du, 10

——Z op
paz

YMHOXUM TepBoe ypaBHeHHe JaHHOi cHCTeMbl Ha dx, BTOpPOe — Ha
dy w Tpetbe — Ha dz:

d—;‘dx=de_l‘3’-’dx

di

Fidy=vdy — +Ldy3. (139)
du, 1ap I

3 de=2dz — % dz |

Cnoxum nosyyeHHYI0 CHCTeMy ypaBHeHHI:

-;tﬁdx+ —tdy + ’dz_de+ Ydy + Zdz —

9p
( dx+a,,dy+ dz)- (140)
Taxk xak
o Wy, u® =y
G U T W M = U
TO

dx = u,dt; dy = u,dt v dz = u,df.
IloncTaBuM 3T 3HaueHus1 B JIeByI0 uacTb ypaBHenus (140), Tor-
Jla HoJNy4YuM

u, duy du, d du. —
v Uy dt -+ - uydt + Euzdt = udu, 4+ u,du, + udu, =

= 5 (u2 + u2 +u?). (141)

INosHast ckopocTh BHIpaXKaercs uepes ee COCTABJIAIONIME 110 OCSM KO-
OpIMHAT CJEAVIOUHM 06pa3oM:

u? =u? + u + ul.
Torna

3d (U2 u? 4 u) = 5 d ().

B npaBoit uactu ypaeuenusi (140) Bhipakenue

Xdx+Ydy+ Zdz

siByIsieTcst MoMHBIM AuddepennranoM cuaoBoi ¢yskuuu U, xak 310
yXKe OTMeyaJioch paHee B § 5:

Xdx+Ydy+ Zdx =dU. (142)
8 A. A, ¥Yrumuyce 113



ITocko/MbKy MBI paccMaTpHMBaeM YCTaHOBHBILEeCS HJBHXKEHHE, B KO-
TOPOM THAPOAMHAMHYECKOE JaBJIeHHE p He 3aBHCHT OT BpEMeHH, TO
TpeXueH B CKOOKax IpejcTaBjaseT co60i NOJHBEIA AuddepeHiass
IaBJICHHSA:

9] 17} 0
£m+£@+£&=@. (143)
Hrak, ypaBnenne (140) moxeT OBITH HPHBEJEHO K CJEAYIOLIEMY
BHAY:
1 1
5d W) =dU —Edp’
HJH OKOHYaTeJbHO
%d@%+§¢w—ﬂl=& (144)

TlonyuenHoe nuddepennHasbHOe ypaBHEHHE YCTaHABJIHBAeT CBSI3b Me-
XKIY CKOPOCTBIO YaCTHIBl 4, JaBJieHHeM p M CHJIOBOH (yHKuuein U
IJIsl 4acTHIBl JKHJKOCTH, HaXxojsmefics B 1BxkeHHH. IlpomHTterpu-
poBaB ypaBHeHHe (144), nosyuyum

l;—z—}—%—U:const. (145)

Tak kak cymMmMa Tpex 4/JeHOB B ypaBHeHHMH (145) sBisercd mocrosiH-
HOH AJa JiIo60H TOUKH JIMHHH TOKa, TO IJS JBYX HOJIOXKEHUH [BH-
Kymeidca vactuiel /—I u 2—2 (puc. 77) MOXeM 3alHcaTh:

ﬁ+&_uzﬁ+&_u (146)
2 T 2 Ty »

31€Ch Uy, p1, Uy ¥ Us, ps, Us, — CKOPOCTH, HABJIEHHS H CHJIOBEIE QYH-
KIMHM, COOTBETCTBYIOLIHE HOJIOKEHHIO IBHXKYINEHCs YacTHILI B cede-
ausax I—I1 u 2—2.

[IpuMeHnM mosTyYeHHYIO 3aBHcUMOCTb (146) pus wactHOTrO coayuas,
KOrjJa Ha JXHIKOCTb H3BHe JeHCTBYeT TOJbKO CHJA TsKecTH. Pac-
CMOTPHM 3JIEMEHTapHYIO CTPYHKY IBHXYyuiedcs >KHUIKOCTH, IOKasaH-
Hyio Ha puc. 77. KoopnuHaTHble OCH DacIO/IOXKHUM TaK, YTOOH Chb Z
6ola HampaBsieHa BBepX. Torpa cusosas ¢ yHKUHS, COOTBETCTBY(OULAS
cuJjie TSXKECTH, MOMKeT ObiTb NPeACTaBjeHa TaKHM 06pa3oM:

U=—gz. (147)

TMorcraBnsisi 3HayeHue cuyoBod GyHKIHH 1o (147) B ypaBHeHHe
(145), moayuyum

wu ., p
7 Hotez= const (148)
WM, 0 aHAJOTHH C 38BHCHMOCTbIO (146),
ll2 Il2
71+%+g31=?2+%3+g22- (149)
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Ha oCHOBAHHH H3JIOXKEHHOTO BhIlle CJeJyeT, YTO BCE 3JIEMEHTHI
ypaBHenusi (149) oTHeceHbl K eJMHMIE Macchl XMAKOCTH. OrHeceM
3JIEMEHTH 3TOTO YpPaBHEHHSl K eAMHMIE Beca MKHJAKOCTH, IOMHS, 4TO
BeC eJMHHIB Macchl paBeH g. Pasgenus JieBylo W IIpaByl0 HacTH
ypaBHerus (149) Ha g, moayuum

2

2
Bl RO 21 2P
gtata=g Tt (150)

Z I

v u,
’ =
J

1 22 ..
N VA
Z, —v Y
d %
Puc. 77

3asucumoctb (150) siBsisiercst ypaBHeHneMm bepuymiu ans snemen-
TapHOH CTPYHKM MI€aJbHOH KHIKOCTH, yCTAHABJIHBAIOMIUM CBSI3b Me-
JKJy CKOPOCTBIO JABMIKEHMs, HaBJeHHeM M TeOMETPHUYECKHM MOJIOXKe-
HHeM uyactul. YpaBHeHue (150), Hocsamee uMa DBepnynnn, Brnepsole
6bL10 mosyyeHo B 1738 r. gelicTBHTeNbHBIM wieHoM [lerep6yprckoi
Axajnemun Hayk [anumiom DBepHysanu B pesysibraTe NpuMeHeBMs K
IBWKyIIeHCsT KMJKOCTH 3aKOHAa «KHHETHUecKoH sHepruu». IlosBie-
HHe ypaBHeHHs DepHy/inn fBMJIOCH Ba)KHEHIIMM 3TanoM B PasBUTHH
TUJPaBJIMKH KaK CaMOCTOATeIbHOH Hayku. OHO Jajio BO3MOKHOCTb
pelaTh MHOTHe IIpaKTHYeCKHe 3aJaud T'HJPaBJIHKH.

§ 29. TEOMETPHYECKHA M ®H3HYECKHA (IHEPTETHYECKH)
CMBICJ1 YPABHEHUS BEPHYJLJIM

Jlns TOsiCHEHHs! CMBIC/Ia Ka4KIOTO W3 WUJEHOB YpaBHeHHs bBep-
HyJIM ofpaTHMcsi K puc. 78, Ha KOTOpOM IOKasaHa 3JeMEeHTapHas
CTpy#iKa ABMXKYIHEHCA >XHUAKOCTH. IIpennmosioxxkum, 4dro ueHTpH TH-
JEeCTH KHUBBIX ceueHHMH cTpYyHKH [—I v I]—I] pacnosiokeHsl Ha Bbi-
coTax 2; H 2z OT IVIOCKOCTH cpaBHeHHs O—O M 4TO B 3THX UeHT-
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pax TSAXECTH YCTAaHOBJIEHBI IbE3OMETPHUYECKHE prﬁKH. Besencreue
;HaJHyhd B TOYKAX YCTAaHOBKN IIb€3OMETPOB [HaBJI€HUA KHIKOCTb

p

B KaXIOH TpyGKe IOJHHMAETCS Ha EBICOTY h, = ;g » KoTopas TaK

JK€ KaK M B THJPOCTaTHKE, MOXkeT ObITb Ha3BaHa Nbe30MeTPHYECKOH.
Cuyiefl0BaTeIbHO, WieHBl ypaBHeHHs DepHymnu 2, W 2z, NpeNCTaB-
JA10T c000# reoMeTpHYeCKHe BBLICOTHl IIEHTPOB TSIXKECTH JKHBHIX ce-
, YeHHH 3JIEMEHTApHOH CTPYHKH
4 0" Haj MJIOCKOCTBHIO CpPaBHEHHS, a
p

£2 . mpe3oMeTpH-
rg

YeCKHe BLICOTHI, COOTBETCTBYIO-
I{He [aBJIEHHSIM B YKa3aHHBIX
LleHTpaxX TsKECTH; 5TH JBa
yJeHa YpaBHEHHS HMEIOT pas-
MepHOCcTb IJHHBL. OGpatumcst
Tenepb K TPeTheMy  WieHy

Dy
YJI€eHbl — H
rg

u o
YpaBHEHHS - KOTOPHIH Takke

2g>
HMeeT Pa3MepHOCTb JJIHHEL.
Puc. 78 Jlns noHMMaHHsS ypaBHe-

Hus1 BepHysnnu npexaBaputesnb-
HO pacCMOTPHM H3MepHTeJbHBIH NpHOOp, HOCsIIuN Ha3BaHHe TPYO-
ki [Tuto. Drtor mpubop npexacrasiser co6oil uaorHyryio nmoa 90°
TPYOKY C HaKOHEUHHKOM MeHbIUEero AuaMmerpa, 4yeM AHaMeTp caMoil
Tpy6ku. Takas Tpy6ka, 6ynyun
OIyilleHa B JBHKYILYIOCS KHI-
KOCTb OTBEPCTHEM HaKOHEeYHHKa
NPOTHB TEUEHHs, MOXKeT CJy-
XKHUTb JJIs7 M3MepeHHs CKOpo-
cTell TeueHHd B TOH TOUKe, B
KOTODOHl IOMelleH ee Hako-
HEYHHUK.

Bygmem paccmarpuBath Io-
TOK JKHJKOCTH B HanopHOH
Tpy6e C YCTaHOBJIEHHOH B TOY-
ke a tpy6koi I'luro. Ilpennoso-
JKHB, YTO TOYKAa @ PacloJioxe-
Ha B ceueHun A — A (puc. 79)
BO3bMeM B  HEIOCPEeLCTBEH-
HOIl GJIM30CTH K HEMY BTOpOE
ceuene B — B. B stoM ceue-
HUH IIOMECTHM OOBIYHYIO IIbe-
30MeTpPHUecKyl0 TPYOKYy TaKuM 00pa3oM. YTOObl HIKHHH KOHel ee
HaXOJMJICS HAa BepXHefdl TIpaHHIle CTPYHKH, OCb KOTOPO# coBHajgaer
¢ oceio Tpy6ku Iluto (puc. 79).

B pesyJbrare meficTBHA [aBJeHHSl XKHJIKOCTb B IIb€30OMETPUUECKOH
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p o
Tpy6Ke NOJHHMAETCS Ha BBICOTY EB, a B Tpy6ke [TuTo nox neficruem

p
TNIOJIHOTO  Hamnopa — Ha BHICOTY ?g .

Hanunmwem ypaBHenue Beprysnnu nnsi cevennit B—B u A—A
9TOMl CTPYHKH OTHOCHTEJIBHO ILTOCKOCTH CpaBHEHHS], COBIajamolmen
c ocblo TpyGkH Ilnto. Tak Kak B paccMaTpHBaeMOM CJaydae Zp == 2a,
a CKOPOCTb JIBHXKEHHsl XKHIKOCTH B TOUKE a paBHa HYJIO, IIOCKOJb-
Ky YaCTHIbI JKHIAKOCTH B HaKOHEYHHKe TPYOKH IIHTO HemoABMKHHI, TO

u*  Pp Pa
et 7 (151)
3leCb U — CKOPOCTb JBHKEHHS XKUJIKOGTH B NIpeJesiaX CTPYHKH;
pB — 'HpOLIMHaMHuecKoe JIaBJieHHe B ceueHHH B — B, uameps-
. . P
eMoe Ibe30MeTPHUYECKOH BHICOTOH —é;
pa — THJIPOJMHAMHUeCKOe [IaBJIeHHE B TOYKE g, OKa3hbiBaeMoe CO
CTOPOHBI KHJKOCTH, NOJHsBIIeHCcA B TpyOkKe IluTO H H3-
o . Pa
MepsieMOoil BBICOTOH CTOJ10a R
W3 ypaBrenus (151) nomyuaem, uto
ut*  Pa P
5= g (152)
PasHocTb BRICOT, H3MepsieMasi HpH MOMOIIH [BYX BHIUIEYKa3aH-
HBIX TPYOOK, OOBbIYHO COBMEIEHHHIX B OJHOM IpHGope, paBHas

hy = 2 (153)

HasblBaeTcss B THIPaBJHKE BEHICOTOI CKOPOCTHOrO Hamopa.

MaMepuB BBEICOTY CKOPOCTHOrO Hamopa, MOMKHO OINpPENeNHTb CKO-
POCTb JBHIKEHHS JKHAKOCTH B TOH TOYKE, [J€ YCTaHOBJEH HaKOHey-
HHK TpyOku IluTo mo 3aBucHMOCTH

u =V 2gha. (154)

Ilpu wucnosb3oBanun 3aBHCHMOCTH (154) B IpaKTHYECKHX yCJIOBHAX
BBOJUTCSI NONMPABOYHLIH KO3(QHUIHEHT, ONpeAessieMbll ONLITHLIM IIy-
TeM M YYHTHIBAIOMMH NOTEPH SHEpruH.

PaccMoTpuM Teneph 3JieMeHTapHYIO CTPYHKY HJeasbHOH KHIKO-
ctd (puc. 78), NPEANOJIOKHB, YTO HA OCH CTPYHKH B3ATHl JABE TOUKH
A u B, BbICOTBI KOTOPHIX HaJ mJjockoctbio cpaBHeHHs: O — O paBHbL
2; U 23. OryioxkuM OT ToukH A orpe3ok Aa, paBHHI Nbe30MeTpHUec-

KOH BBICOTE :’é, a or ToukM B — otpe3ok Bb, paBHBIH NbE3OMETpU-

4YeCcKO# BEICOTE 5% 3aTeM OT TOYEK @ H b OTJIOXKHM OTpE3KH aa, ki
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u2 U.2
bb,, cOOTBETCTBEHHO paBHble BLICOTAM CKOPOCTHBIX HamopoB QEI H 2—:’
AHajlorMuHBle TOCTPOEHHSI MOXHO cJesaTb JJs Dsfia XKUBHEIX Ccede-
HUH, B3SITBIX BJIOJIb paccmanHBfeMOﬁ HaMM 3JIeMEHTapHOH CTPYHKH.
Tak kKak cymMma Tpex uJIeHOB gé , é U z JJs HJealbHOR KHIKOCTH
NOCTOSIHHA BJOJb OCH CTPYHKH, TO BepLUIMHbl BePTHKAJbHBIX GTpe3-
KOB aa; M bb, M T. 1. pacrnojaraimorcs Ha OJHHAKOBHIX BEPTHKAJIb-
HBIX PacCTOSIHHSIX OT MJIOCKOCTH cpaBHeHHs. ClieoBaTesIbHO, BepluH-
HBl 9THX OTPe3KOB JIOJIKHBI JleXaTh B OJJHOH TODH30HTAJBbHOH IJIOC-
KOCTH, HasbiBaeMO# HamopHo#l miockoctbio O° — O’ (pHc. 78).
Wrak, HamopHasi IJIOCKOCTb B HJeajJbHOH KHJKOCTH €CTh ILJIOC-
KOCTh T'OpH3OHTasbHasi. [lajee, ecsid Mbl IIJIABHOH KPHBOH COEIHHMM
YPOBHH KXHJKOCTH B Ibe30MeTPHYECKHX TPyOKaX, TO HNOJYYHM TaK
HasblBaeMylo Nbe3oMeTpHuecKylo JiHHHI. Ha puc. 78 mnbesomerpuuec-
KOU JIMHUeH siBjsieTcss JunHuss P — P,

B rugpopmHaMuHKe cyMMa TpeX BBICOT ;—‘gf, bp—g U 2z HasblBaercs
TIOJIHBIM HamopoM u oGosHauaercst Ho:
u? p
Ha=2—g+§§ -+ 2 = const. (155)

Bce m3soxenHoe M 3ak/oyaer B ce6e TIeOMETPHYECKHH CMBICJ ypaB-
HeHusi Bepnysnu.

OcoGrifi MHTEpeC MpPeICTaBJsieT BhIICHEHHe (DH3HYECKOTO CMbICJa
ypaBHeHus: DBepnyssnu. Byzem paccmaTpuBaTh 4acTHLY 2KHIKOCTH,
HMEIOIYI0 Maccy 0Op, KOTopasi [BHXKeTCS N0 JIHHHH ToKa S —S
(puc. 78).

OnpefenyM BeJWYHHY IIOJHOH 3HEPrHH, KOTOpPO# o6jajaer ya-
ctiga B ceyeHusx [—I um JI—II. TlonHnasi sHeprusi npejacrabjseTr
OO0 CyMMY KHHeTHYeCKOH H IIOTeHLHaJbHOH 3Hepruu. Kunernuec-

dmud
1
Kast SHEeprusl 4acTHUbl B ceyeHuH [—I/ paBHa —;—, a B CEUeHHH
dmu’
1]—II ona paBHa 5

INoTenuuanpHas SHEprusi YacTHIBI OTHOCHTENIBHO HJIOCKOCTH CpaB-
Hennst O — O paBHa NpOH3BeNIEHHIO Beca YacTHIH Ha BBICOTY HONb-
eMa ee OTHOCHTENbHO 3TOH IJIOCKOCTH. B cewenmnn [/—/ wactuua 6y-

JeT NOoJHATA HaAd IJAOCKOCTBIO CpaBHEHHS Ha BBICOTY Z+ %, rjge
P1

vg

— BbICOTa, COOTBETCTBYIOIAA JAaBJIEHHIO, KOTOPOMY INOJABEpiKEHa
(=3

YacTHLla ¥ KOTOpOoe NMOJHMMAaeT 3Ty YacTHIly, HalnpHMep, B Nbe3oMeT-
puueckoii Tpy6ke. B ceuenuu //—J] vactuua GyZeT MopHsTAa Ha BhI-
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€oTy 22 + gi; . TakuM o6pasom, B ceueHun [—/ wuactuuma oGsanaer
NIOTEHLIHAJbHOA 3Hepruell B KOJHUECTBE

pgdVv (21 + %;) ,

3jech 6V — o6beM YacTHILH,
p — €€ IJIOTHOCTb.
CnenoBaTesbHO, NOTEHIMAJNbHAs SHEPrHsl 4YacTHIBI MOXKET ObITh
3amycaHa B TAKOM BHJe:

b\ _ 2}
pgtV (21 + Pg) gom (21 + pg)’
TaK Kak
pgdV = gdm.

AHAaJISTHYHO ONpeJeJIUTCS BeJHYMHA NOTEHLHaJbHOH SHEPTHH YaCTHIIB!
Haxopdauedicas B ceuennn I[—I]1:

gam (22 -+ ;i-;) .

OGosHauum uepe3 0E; M OE, NMOJHYIO SHEPrHi0 YacTHIBl B cede-
ausax [—I u [1—I]. Torga MOXKHO HaIHCaTh:

dmu? ( Pl)
OE; = —5— + gdm (2, + og

- ) b (156)
aEz = 5 ’-]— gom 29 —I— og

Paspenue nousneHHo ypaBHeHusi (156) Ha Bec wactuunl gom, MBI
ONpeie/MM TOJHYIO 3HEepruio, KoTopas S3aKJ/Iodaercsl B eAMHHIeE Beca
XHJKOoCcTH. PaHee oTMeueHO, YTO SHEpPIrHs, 3aKJ/IOUeHHas B eJUHHIe
Beca XKHJKOCTH, HasblBaeTcsl yJeslbHOH 3Heprueli. OGosHauuB yhesb-
HyI0 SHepTHI0 YacTHIBl B ceyeHMH /—I/ uyepe3 89;, a B cedenuH //—
— I — uepe3 89;, MOXKEM HaIHCATb:

2
SE “1 Py
0 == =5 +' =+ 2z l
gom  2g © og (157)

5 .
3E U . p
89 — 0_2 — 2 2

31ech

2 2

uy Uy
5z U 57 yAeNbHAsh KUHeTHYecKas SHeprus;
P1oy Pe — yHeJibHas MNOTeHUHaJbHasA SHeprusl IaBJICHHS,;

Pg rg
2; M 2z — yAeJbHas MNOTeHIHA/bHAasd 3HEPrHs INOJIOXKEHHs YaCTHIbI
B ceueHuax [—/[ u I1—II.
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CornacHo ypaBHeHHi0 Deprysid, cymMMa TpeX YKAasaHHBIX 4Jje-
HOB fIBJIIETCSI IOCTOSIHHOM:
2 2
u u
1 P1 2 P2
—_ =2 == =2 = const
2g + 0g + zl 2g g + 23 )

YTO MpPHUBOJUT K PpAaBEHCTBY
39, = 33, = const. (158)

Ceuenusns [—I u I[—I] GpliM B3ATBl HAMH IIPOM3BOJIBHO IO [JIHHE
cTpyikd. IlostomMy MBI MOxKeM 3anucarb B OOIIeM BHJE:

u? 4 _
33 % -+ ” + z = const. (159)

Wrak, cyMma Tpex ujeHOB ypaBHeHusi BepHysm ectb cyMma Tpex
YIeJbHBIX 3Hepruil: yjesJbHON KHHETHYECKOH SHepruH, YAeJbHOH Io-
TEHIHaJbHOH SHEeprud JaBjeHHs H YAeNbHOH NOTEHIHANbHOH 3Hep-
I'MH noJoKeHus. Jys MieasbHOH KMIKOCTH CyMMa TpeX YAeNbHBIX
SHepruf (noJHasA yjeJbHas SHEPrus) IO AJHHE 3JIeMEeHTapHOH CcTpyi-
KH IIOCTOSIHHA.

§ 30. YPABHEHUE BEPHYJUJIH V11 3JIEMEHTAPHOH CTPYHKH
BA3KOH >XHIAKOCTHU

Pacnpoctpanum ypaBHenne Bepryanu ans sneMeHTapHOH CTpyi-
KM HjeasJbHOH XKHJKOCTH Ha 3JIeMEHTApDHYIO CTPYHKY BSI3KOH XHI-
KOCTH. DTO HeOGXOAHMO MJisl IIOJydeHHs! IIPAKTHYECKHX pelleHuH,
IOCKOJIBKY B JIeHCTBUTENBHOCTH HHIKEHepy NpHXOAuTCs o0paiiaTbes
C KHUIKOCTBIO BSI3KOH, o6jajawoiieli psfoM CBOHCTB, KOTOpHE He
VYUTHIBAIOTCS IIPH HCNOJB30BaHUH IOHATHA 00 HAeaJbHOH XKHJIKOCTH.
B nepByio ouepespb cienyer OTMETHTb BSI3KOCTb DPeasIbHOH KHIKOCTH.
BsskocTp 06yCJ/IOBJIHBaeT CONPOTHBJIEHHE IBHXKEHHIO H, KaK CJeNCT-
BHE, BpI3bIBaeT NMOTEPI0 YACTH SHEPrHH, COojlepxkaliefics B JBHXK yllelcs
CTpyHKe.

B cTpyiike uieasbHOH KHAKOCTH, B KOTOPOH BSISKOCTb H, CJelO-
BaTEJbHO, CONPOTHBJCHHS JBHXKEHHIO OTCYTCTBYIOT, IIOJIHas yielb-
Has SHeprus IO JJMHE CTPYHKH IOCTOSIHHA:

89, = 33, = const,

HJIH

4 p uy
=+ =2+ 2; =5 + =2 + 2, = const.
gl T T T gt

Hao6opor, B BA3KO# KHAKOCTH SHEPTrHsl MO JJIHHE CTPYHKH YMeHb-
maercsi, NepPexofiss B pe3y/ibTaTe TPEHHSI B TENJOBYIO SHEPTHIO.
Ecnu B ceuenun /—/ nosnHas yAeJbHasi SHePrusi peajibHOH CTpyH-
kM paBHa 089; (pue. 80), 1O B ceuenuu //—I] moJsHas yaenbHas
sHeprua 03, OyleT MeHbile 03; BCJ/GICTBHE 3aTpPaThl YacTH 3Hep-
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MM Ha IpeojoJIeHHe conpomB.neHm"I JIBUXKEHHIO, T. €. 33;>89;, uin
2
4 m. m

OG6o3HauuM NOTEpIO NOJHOH yI[eJIbHOH 3Hepmn 10 JJIMHe CTPYHKH
Mexny ceuenuamu [—I wu [I—II uepes h,. DTy NOTEPId MOXKHO

ONpefesquTh KaK PasHOCTh IOJHBIX YAEJbHBIX 3HEPTHH B CEUEHHAX
I—I wn I1-II:
h;; = 8‘91 - 832’

) —

/ﬂg | _ _I_//_Wé}m

H ]

Puc. 80
HJIU

2 2
h;=(;‘—g‘+;’7;+zl)—<§—;+§§+zz), (160)
0oTKyJa
_I_pl-l‘ 2, = p2+22+h (161)

ypleHeHne (161) ABJISIETCS ypaBHe}meM Bepnysnn pns ssnementap-
HOM CTPpYHKH BSISKOH >KUAKOCTH.

Tak kak cMbiC/1 YJIeHOB, BXOASIUX B CYMMY IIOJHOH YHAeJbHOH
9HEpruH, OblJ IOAPOGHO IOSICHEH BhHIlle, TO CeHYac OCTAHOBHMCS
TOJIbKO Ha PacCMOTPEHHH JONOJHHTENbLHOrO uieHa h,. PasmepHocTb

NOTepH SHEeprHM A, ycTaHaBjuBaeTcs u3 3asucuMocTd (160). [led-

CTBHTEJ/IbHO, TOTEps] SHEPrHH sBJsAeTCS PasHOCTbIO SHEPrHH B ceye~
Husax /—I u II—I], T. e. pasHOCTbIO JBYX JIMHEHHBIX BeJIHUHH.
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ITosToMy oHa TakKe JO/KHA HMeTb Pa3MepHOCTb IJIMHEI, KaK M Bce
ujleHbl ypaBHeHHsi DBepHyJm.

Ha puc. 80 mpexacraBieHa cxema 3JeMeHTapHOH CTPYHKH peaJib-
HOH JXHIKOCTH, IO OCH KOTOPOH B TpeX CeueHHsX YCTAaHOBJCHBI
Tpy6ku ITuto. Ecom G6bl panHas cTpyiika siBasjach CTPyHKoOH Hfe-
aJIbHOH KHIKOCTH, TO YPOBHH XKHAKOCTH B TpyOkax Iluto sexasnu
66l B HamopHoil mnockoctH O'— O’ Ha BBICOTE INOJIHOTO Hamopa:

2
Hy=2 4+ P2 15— const.
a 2g+9g+

Ho MB!I paccmaTpuBaeM CTPYHKY BA3KOH IKHJKOCTH, NOJIHBIA Hamop
KOTOpOH yMeHblIaeTcsl N0 JAJIHHE:

_u_ . p
H, % + - + 2 = const.
Ilpu stoM ypoBHH B TpyGkKax IluTo OGyAyT MNOHHKATbCA TO CpPaBHe-
HHIO C TOJIOXKEHHeM TOPH30HTaJbHOU mjockoctd O'— O'. Jluuus H —
H, coepunsiomas ypoBHHM XKHIKOCTH B TpybOkax Iluto, B JaHHOM
cJlyyae TaKike HasblBaeTCsl HanopHOH JiMHHedl. B crpyfike BA3KoH
XKHIKOCTH HaloOpHAas JIMHHS SBJsSeTCs HAaKJOHHOH, HHCXOAsALIeH.

JaHHBIH BBIBOA SIBJISETCSl IOSICHEHHEM eOMeTpPHYeCKOro CMBIC/IA
ypaBHeHHss DepHyJsun 17 3/eMeHTapHOH CTPYHKH BSI3KOH JXKHIKO-
ctu. CorslacHo puc. 80, moTepst SHepruM HJH IOTepst Hamopa A,
npejicTaBJsieT cO60f PasHOCTb MeXKJYy BBICOTOH TOPH3OHTAJIbHOH JIH-
Hun O’ — O’, npoBeJeHHOH dYepe3 ypoBeHb XHJIKOCTH B TpyOke IluTo
B HAuyaJIbHOM CEYEeHHWH, U BBICOTOH YPOBHSl XHJAKOCTH B TpyOke IluTto
B paccMaTpHBaeMOM CEUYEHHH OTHOCHTEJNbHO MJIOCKOCTH CpaBHE-
Hua 0—O0.

O6patuMcst K GoJjiee NOAPOGHOMY aHAJH3y MOHATHH O THIPaBJHU-
YeCKOM H Nbe30METPHYeCKOM YyKJOHax. Kak yxe ykaswiBaJoch, eud-
paBAUtECKUM YKAOHOM Hasbisaemcs nadeHue HANOpa Ha eduxuye 0au-
Hbl nomoxa, a TNOTOMY CpeILHHH THApPaBJHYeCKHH YKJIOH Ha yyacTke
Mexay aByms cedeHusMu [—I u [I—I] wmoxer ObITb OIpejesieH
CJAEYIOmUM 00pasoM:

{ uf P1 ) (u% P2 )
ho—, _ \2g gt — 2 g ) (162)
l

Jep =

rae [ — paccrosinne Mexay cedenusmu [—I/ w [1—I1.

Haxorel, ruipaBiH4ecKHil YKJOH, COOTBETCTBYIOUIHH GeCKOHEYHO
Majoll AauHe dl (Tak HasplBaeMblH IMAPABJHYECKHH YKJOH B TOuke),
MOXeT GbiTb BbIpameH TaKOH 3aBHCHMOCTBIO:

, d<u_2+1+2)
dh 2¢ ' g
Jo=— = —————, (163)
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3HaK MMHyYC 3[eCb [OKasblBaeT, YTO HMeeT MeCTO JeHCTBHTeJbHOE
NOHMIKEHNe HanopHOH JIMHHH. Ilvesomempudeckum YyKAOHOM HA3bIEA-
emca nadewue NOMeHYUAIbHOU 3Hepeuu Ha eduruye Oaurbl. Tlostomy
CpelHHH INbe30MeTPHUYeCKHH YKJIOH MeXAYy IByMsA ceueHUAMH [—/

u /l—I] pasen
(21 + :;gl) - (22 + 5—;)

Joey = l : (164)
U Nbe30MeTPHYECKHH YKJOH B TOUKE
2
Jp= ] 165
p=— il (165)
01 ‘ ! | }0,
Hw f Y
1 2 H == H  2q
py 1 49 2 Hy Apf ;9
SIERIIE il {77
ST — gy ¢
Por i
0 g
Puc. 81

I'uapaBindeckKuil YKJOH MBICUM TOJBKO B BfA3KOH JKHIKOCTH.
On Bcerjia HalpaBJeH B CTOPOHY IBMXKEHHS, TaK KakK IIOTepsl dHep-
MM 10 JJIMHE HeYKJOHHO Bo3pacTaeT. lIbeaoMeTpHYecKWH YKJIOH
Tak»Ke CBf3aH ¢ nortepeil 5HepruH. OOBLIYHO OH HANpaBJ/eH B CTOPOHY
nemxenusi. Ho B Tex cayyasix, KOTJa >XUBble CeYeHHsI CTPYHKH IO
TEUEHHIO YBEJHYMBAIOTCA, B pesyJabTaTe Iepexoia KHHETHYECKOH
SHEPTUU B INOTEHIHAJbHYIO INbe30MEeTPHYECKHE YKJIOHBI MOIYT HMeTh
HanpaBJieHHe, o0paTHOe JBHKEHHIO.

Ha puc. 81 nokasana ropusoHTaJsibHas#g 3JeMeHTapHas CTpPyHkKa
UJlea bHOR KMJKOCTH, XKHBOE CedeHHe KOTODOH IepeMeHHO IO JJIMHe.

B ceuennu /—I ckopoctb u#; GyleT MeHbIE CKODOCTH Ug B CEUEHHU
2 2

Il1—II (tak kax dw,; > do;). IlosToMy CKODOCTHOH Hamop ;%<;—; .

Tak xak
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2 2
uj u
§—+ﬂ+21=—g+§§+22=Ha=const,

TO TIOCTOSIHCTBO Hamopa MoxeT ObiThb ofecrneyeHO JIHIIBL 33 CYeT

nepexojla 4YacCTH IOTeHIMAJbHOH 3HePrMH B KHHeTHYeckywo. Ha

puc. 81 B ceueHnn J//—/] 1OKasaHO YyBeJMYEHHE KHHETHYECKOM
2

SHepFHH ;—g2 H YMEHbllIEeHHe HOTeHHHaJ]bHOﬁ 3HepTruHu ;)—gz‘.
P ,//LWI_B‘ A"_"_I:_ﬂ_ ’
H ug F “«
H u? H jg
p 1 23 H ?-gg _ZL_(_J
: 1 s
T 8 : 'y ] P !
14 P P
/" I : /of 1H ./ol m}
SV__@_ I - 1 ., () S
I I o
Z Z, Zy
0 i i i 0

Puc. 82

Ilpn nepexozme xke ot cegenuss // — [/ k ceuenuto [/] — I]] Ha-
6Ji0fiaeTcsl TPOTHBONOJIOXKHASL KapTHHA, TaK KaK CKOPOCTb Ug >
> ug(dws < dog). B 3TOM cJyyuae NPOHCXOJHT NOBLILIEHHE Ibe30-

METPHUYECKOro JAaBJEeHHS ;—’é B ceuenun [//—JI] 3a cuer nepexoja

KHHeTHYeCKOH 3HEPrud B INOTCHIHAJIbHYIO BCJICACTBHE YMEHDLUICHUSA
2

u
CKOPOCTHOTrO Hamopa 5—2. CrenoBaTesibHO, Ibe30METPUYECKAsl JIHHHSA
N0 OTHOIIEHHIO K HampaBJIeHHIO [BUMKEHHs XKHAKOCTH Ha yvacTKe
Mexny ceueHusMu /—I u II—I] umeer nmpsiMoii YKJIOH, a Ha yudacT-
ke Mexay ceueHHaMu [/—II u I1]1—I]] — ob6paTHBIL.

Heo6xoauMo OTMETHTb, 4YTO B CTpYHKax, HMEIOMHX IOCTOSIHHBEIE
JKHBBlE CEYeHHS! MO JJIHHe, THIPABJHYECKHH H IMbe30MeTpHYeCKHH
YKJIOHBl OJMHAKCBBI IO BeJHYHHE Y HaNpaBJIeHHIO, IIOCKOJbKY CKO-
POCTH TO JJIHHE NOTOKa NOCTOSiHHHL. M3 Bolpaxenuit (162) u (164)
u?
CELYeT, HTO eCMH o = const, o J =J,.

Ilpeanonoxum, yro Ha pHc. 82 npencTaBieHa CTpy#Ka BA3KOH
JKUAKOCTH, PAacHoJIOXKeHHasl TOPH30HTaJIbHO, MNpPHYEM JKUBBIE CEUeHHs!
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CTPYHKHM, a CJefOBaTeJbHO, H CKODOCTH # MOCTOSIHHBI IO JJIHHE.
Torna manopHasi Juuuss H — H Gyner napaJulesibHa Nbe3oMeTpHue-
cKoll JuHHH P — P, mpuueM HanopHasi JiHHMs OyJeT JieXaTb BhbIlle

2

© u
NMbe30METPHYECKOH Ha BBICOTY IMOCTOSIHHOTO CKOpPOCTHOro Harmnopa Q_é .

B stoM cjyyae KHHeTHYeCKasl SHeprusi OCTaercs MMOCTOSIHHOH 1O JJIU-
He CprﬁKI/I, a I[oTeHIHaJibHasi 2Heprus pacxoAyeTcsd Ha IpeojoJe-
HHe COHpOTHBJ’IQHHﬁ IBHIKEHHIO.

§ 31. PACIIPEREJIEHHE JABJEHHUH B NMOTOKE BSA3KOW )XHIAKOCTH
NPY NJABHO MU3MEHSIOIEMCS IABUXKEHHH

Ypasuenne BepHysnau pJst LeOro MoToKa BSI3KO¥ MKHAKOCTH BHI-
BOIHMTCS M SIBJISIETCS CIpAaBefJIMBbLIM JJI YCJOBHH IJIABHO H3MeHsio-
Lierocsl IBMXKEHHS, MO CBOEMY
xapakrepy 6Jauskoro X mapair- "
JIeJIbHO-CTPYHHOMY.

Ilpu njaBHO H3MEHSIOUIEM-
csl IBUXKEHHMH YroJl pacxoxje- K2
HHS CTPYeK (JHHHE TOKOB) Kpaki-
He He3HAUYHTeJeH, a pajuyc
WX KPHBH3HBI BECbMa BeJIHK. ~ 77 e

CxeMa IJ1aBHO H3MEHSIOLLe- Puc. 83
rocsi IBUXKEHHS IpeJCcTaBJieHa
Ha puc. 83, rae yroJs pacxoxjeHHs CTpyeK ¢ GJH30K K HYJIO.

HeobxoauMo npu 3ToM 106GaBHTb, YTO NpPH MJIABHO H3MEHSIONIEM-
Csl JIBUXKEHHH JaBJIeHHsl, BO3HHKAIOIIHE B JBIXKYIIEHCS IKHUIKOCTH,
00/1afialoT BCEMH CBOHMCTBAMH T'HAPOCTATHYECKOTO JaBJEHHS, MONYH-
HsiSICb HM3BECTHOMY YpaBHEHHIO T'MApPOCTaTHKH (36)

p = po + pgh.

9To noJioxeHne OyleT MOATBEPXKIEHO NpH aHasm3e auddepeHiu-
aNbHBIX ypaBHeHHH Oisiepa (136) nyTeM npumeHeHHsi 3THX ypaBHe-
HHMH K LIeJIOMY TOTOKY BSISKOH XKHIKOCTH JUJISi YCJOBHH MJIABHO M3Me-
Haomerocss AsHxKeHus. Ha puc. 84 cxemarwuecku mokasaH moTox
JKHIKOCTH, HaXOJAMMWACA B YCJNOBHAX NJIABHO H3MEHSIOWErocs IBH-
keHus. Ilpu stom 6yleM cUMTaTh, YTO HA XKHIKOCTH AAHHOrO MOTOKA
IefiCTBYeT TOJILKO CHJIa TSKECTH.

[TocTpoum cucTeMy KOOpAHHATHBIX OCefi: OCH X JajkM HampasJe-
HHe, COBMNAjalllee C HaNpaBJEHHEM [BHXKEHHs; OCb 2 PasMecTHM
B TIJIOCKOCTH YepTeXka, OChb y IPOBENEM HOPMaJbHO K IJIOCKOCTH XOZ.
Tak Kak NsaBHO HM3MEHSIONIEECS JBHXKeHHE TpPHHUMaercss OJAH3KHM K
napaJ/uielbHO-CTPYHHOMY, TO CKOPOCTH JABHMKEGHUSI B HeM CJleflyeT CUH-
TaTb NPaKTHYeCKH HOPMAJBHEIMH K IIJIOCKOCTH XKHEHIX CeYeHHI NOTO-
Ka. B ycsioBHSIX HCCl/lelyeMOr0 HaMH MOTOKa NPH NPHHSATOM pPacro-
JIOKEHHH OCeH CKOPOCTH TeYeHHs OYAyT INPAaKTHYECKH NapaJJieibHbl
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OCH X M HOpPMaJbHEl K ocaM y u 2. [loaTOMy cocraBJsiiomue moJsiHoH
CKOPOCTH U ¥ YCKOPEHHSI B IJIOCKOCTH JXHBOTO CEYeHHsI MOTOKa paB-
HBl HYJIO:
du du
uy =0, u, =0, =0 —Z=0. (166)
TTocKOJNIBKY MBI paccMaTpHBaeM IIOTOK BSI3KOH KHIKOCTH, TO CJie-
noBasio Gbl YUYHMTHIBATb TaKXKe CHJIBl CONPOTHBJIEHHS JABHKeHHI0. OpHa-
KO HYyXHO HMeTb B BHLY,
. [9 ) 4TO CHJIBl  COIPOTHBJIEHHS
(cuabl BHYTpEHHEro TpeHws)
v A IeHCTBYIOT Ha NOBEPXHOCTH
CONIpHKacaHus COCEJIHUX
CTpyek, GyAyYd HampasJieH-
HBIMH BJOJb nOTOKa. [lo-
3TOMY 3TH CHJBI HOpMaJb-
Hol K ocsaM Oy u Oz, a ux
NPOEKIMH HAa YKasaHHbIE
P =fzmewemy, OCH DaBHBHI HYJIO.

Brime ormeuasioch, 4TO
JKHIKOCTb pacCMaTpHBaeMo-
ro IOTOKa IIOfBep:KeHa JeH-

Puc. 84 CTBHIO TOJIBKO CHJI TSI3KECTH.

OG6Go3HauuM uepe3 a yroJ

HaKJIOHa OCH TMOTOKa K ropu3oHTy (pHc. 84). CocTaBUM mpoekuuM Ha
KOOpJMHATHBIE OCH X, Y U Z OOBEMHBIX CHJI, OTHECEHHBIX K eJMHHIe
Macchl, YYMTHIBasi, YTO Ha €JHHHIY MacChl JeHCTBYyeT BepTHKaJbHas

cusa, paBHas g:
X =gsina: ¥ =0; Z=gcosa. (167)

&

Y
N

O TTH

—~——

My

O6pamiasicb Tenepb K cucreme auddepeHnnanbHbIX ypaBHEHHH
nsmxkenusi (136) u B3sIB ypaBHeHHs IJIsl OCeH y M Z, B COOTBETCTBHHU
¢ ycmoBusiMu (166) moxem 3ammcarb:

y — 1%

f ay . (168)
Z—=-P=0

p 0z

HakoHen, mnojcTaejsis B 3aBHCHMOCTb (168) sHauenus Y u Z,
no (167) mosyuuM OKOHYaTeJibHble yYpPaBHEHHS LJs IJIABHO H3MEHSIO-
Imerocsi ABHXXEHHS OTHOCHTEJbHO OCeH y H 2:

P oy . (169)
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C npyroi#t cTopoHH, AupdepeHnHaNbHbIe YpaBHEHHsS] PABHOBECHS C
ydyeToM AJs JaHHOro cJydass ycioBuil (167) nosyuwator caexyiomee
BHIpaXKeHHe:

(170).

Taknm o6paszoM, ypaBHeHusi paBHoBecHs (170) u ypaBHeHHs IBH-
)kenus (169) nns ocelt y um z ABAAOTCH OAMHAKOBBIMHU. [Ipu 3TOM
ypaBHeHusi ABmKeHus (169) ompepensiior XapakTep pachpefejeHust
TUApPONMHAMUYECKNX NAaBJIEHHH B IJIOCKOCTAX KHMBBIX CeUeHH# yoz.
DTo No3BOJIIET CleNaTh CJENYIOMHH BaXKHbIH AJS HPAKTHKH BBIBOJ.

Pacnpedenernue Oasrenuil 8 NAOCKOCMAX XCUBbIX CedeHUll NOmMOKQ
npU NAQBHO UBMeHAUjeMCA 08UdcesUl 8A3KO0L acudkocmu noduuxaemecs
2u0pOCMamu‘ecKomy 30KOHY.

§ 32. YPABHEHHE BEPHYJUJIH JJis1 LEJIOrO NMOTOKA
BSI3KOH )KHAKOCTH

Brimie Gpl10 mosyyeHo ypaBHeHHe DBepHysutn Ajas cTpyike uze-
aNbHOH JKHMAKOCTH, M HOJIyYyeHHble pe3yJbTaThl pacHpoCTpPaHeHBl Ha
CTPYHKY BSI3KOH KHIKOCTH. BbiBeieM Tenepb ypaBHeHHe DepHyJnn
JJIs1 TIJIaBHO H3MEHSIIOIErOCsl IIOTOKA BSI3KOH KHJKOCTH, COCTOSILIETO
U3 COBOKYIHOCTH 3JIeMEHTapHBIX CTPY€K, 4TO H OyHAeT SIBJATbCA KO-
HCUHBIM pe3yJIbTaToOM Haulero pacCMOTPEHHs.

Hanuem ypaBHe}me (161) IIJIH 3JIeMEHTapHOH CTPyHKH:

+”‘+ 2 = +”2+ 2+ k.

Tak Kak Ml npeuno.naraeM, YTO TOTOK COCTOHT M3 COBOKYITHOCTH
S/MeMEeHTapHLIX CTPYeK, TO ypaBHeHHe DepHysiu AJs Ienoro moroxka
BSI3KOH KUJKOCTH MOXKeT GbITb INOJYYeHO IyTeM CYMMHPOBAHHS TOJI-
HBIX 3HEPTHH BCeX 3JIEMEHTApHLIX CTPYeK, COCTABJSMINHX IOTOK,
U TOTepb 3HepruH, B HHUX mnpoucweqmux (puc. 85).

Ecsn BecoBoil pacxon crpyiikd dQ, TO NOJIHAasi 3HEPTHUsT CTPYHKH
B ceyenusax [—I u II—II Oyper paBHa:

2
(g; +2 zlpg) dQ = ( +2 42+ hwpg) Q. (171)

Ilpounrerpupyem ypaBHeHue (171) mo XHBOMY CeUYEHHIO NOTOKA:
2

2
f;‘—;pgdo + f(pl +pgz) dQ — [ 7 gdQ +

+ j(m + ogza) dQ + 5 . pgdQ. (172)
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Takum oépaaoM, MBI JNOJI2KHBI BBIYHCJHTb TPH HHTErpaJia:

S%Z’,Png; S(p +pg2)dQ u ‘gh;png_

hy
, 1-T gt
R ——
LA 2
129 : \Q_‘zi_v;
P = q
= — Pi
Tt T HIY
w/ I T~ b ]
” IIN’
2
Z, S
Z,
: I
Puc. 85

{lepBrifi uMHTerpaJs mpeacTaBJsier cOGOH CyMMy KUHETHUECKHX SHEpruil
BCEX 3JIeMEHTapHBIX CTPYeK, INPOHHU3bIBAIOIIUX IIIOMAAb MKHBOTO Ce-
YeHHs NOTOKa o. YuuTeIBas, 410 dQ = udw, mepenHiieM 3TOT HHTe-
rpaji CJefyomuM o6pasoM:

X% pgdQ = -S-j uddo.

INonyueHHBI HMHTErpas BbIPaXKaeT KHHETHYECKYIO SHEPrHIO BCEro Mo-
TOKa B paccMaTpuBaeMOM CeueHHH, a u = f(x, y) npexcrasJser coGoi
MECTHYIO CKOpOCTb, BeJIHYMHA KOTODOH B IIpefiesiaX KHBOTO CeueHHs
[OTOKA $SIBJIIeTCS] INepeMeHHOH.

B ruzpaBiuke NpH HHTErPUPOBAHHM IPHUBEJEHHOTO BhHILlE BHIpa-
JKeHHSs] IJiS KHHeTHYeCKOH SHeprHH IOTOKa INpHMEHSIETCA CJEedy0mui
npueM: NPeiNoJIOKUB, YTO CKOPOCTH IO BCEMY JKHBOMY CEUYEeHHIO IIO-
TOKa $BJSIOTCA OAMHAKOBHIMH M DAaBHBIMH CpefHeH CKOpOCTH U,
MOXKHO 3amucarhb

Ky=% jvsdm Sy (173)

w

[MosyuenHoe Beipaxenue (173) XapakTepH3yeT BeJIMYHHY HEKOTOPO#
«yCJIOBHOH» KHHETHYECKOH >Hepruu noroka — Ky, oTJIHYHOH oOT «zeil-
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CTBHTEJIbHOM» KUHeTHYecKoil sHepruu Kj =3Pju3dm, OIIpefieIsIeMOokt
W

C yYeTOM H3MeHeHHs] CKOpPOCTeH B IpefesiaX XKHBOTO CedeHHs IOTOKa.
PasnenuB BelpakeHue /s «JEeHCTBHTEJbHONH» KHHETHUECKOH 3Hep-
THH Ha BBIPaXXeHHe JJI YCJOBHOH» KHHETHYECKOH SHeprHu:

i Su”du) 5u3dw
2
1_(5=.._°’___.=.‘°_._—_a, (174)

MBIl MOJyYHM KO3(dHUIMEeHT o, Ha3blBaeMblil KO3(D(HIHEHTOM HepaBHO-
MEpHOCTH paclpeliesieHHsi CKOpPOCTeH MO JKHBOMY CeYeHHIO IIOTOKa
¥ SIBJSIOLIMACA OTHOLIEHHEM YKa3aHHBIX SHEprHi.

Koappuunenr o onpefensiercsi ONBITHBIM INyTeM Ha OCHOBAHHH
crienva/bHBIX H3MEepeHMH CKOpocTel B pas/IMUHBIX TOYKAX HcCiegye-
MOTO IIOTOKAa KHUAKOCTH, 111 yCTaHOBHBIIErocsl IMJIaBHO H3MEHSIOLIe-
rocsi JBHXKEHHS B KaHajax M Tpyb6ax IpPH TYpOYJIEHTHOM pexume
IBHXEHHs CpeflHee 3HayeHHe KO3(pHIHEHTAa HepaBHOMEDHOCTH MpH-
HuMaercs paBHBIM a=1,05-+1,10. B ycjoBuax xe samuHapHOro
pexxuMa 3TOT Ko3pHIHEHT cocTaBJjsieT BeJHuuHy o = 2,0,

O6paTuMcst Temepb KO BTOPOMY HHTerpasy BbipaxkeHus (172):

(0 +pe21a0 =g [ (2 + 2) udo. (175)

Tak kak ans oGoil >3/eMeHTapHOH CTPYHKH IIOTOKa CymMMa yaedb-

HBIX TMNOTEHUHAJbHBIX SHepFHﬁ—I{aBJIeHHH P_Z H TIOJIOXKEHHA 2 —

IIOCTOsIHHA, TO 3Ty CyMMY (é =+ Z) MOZKHO BBIHECTH 3a 3HAaK HHTer-

pana. Torza
0g (5 + 2) [udo = (£ + 2) pg@. (176)

TlocTosinCTBO yHeMbHOH NOTEHUWAJbHOH SHEPIHH

pﬂg + 2z = const (177)

CHPAaBEIJIHBO JJIs JIOGOH TOUKH »KHBOIO CEUEHHs MJIaBHO H3MEHSIOIIe-
rocs noroka. Byjaem cuMrtaTth, YTO 3Ta CyMMa COOTBETCTBYET LEHTpY
TSXKECTH JKHBOTO CeYyeHHsl, IJIsi KOTOpOro p OyJAeT HaBJeHHeM, a 2 —
pAaCCTOSTHHEM OT IIJIOCKOCTH cpaBHeHus 0—0.

CrezoBaTesbHO,

[to-+eerae=ra(L +2) [0 = (5 + e a79

@w
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O6paTtuMcsl K TpeTbeMy MHTerpajy Buipaxkenus (172), ompenensto-
IeMy CyMMy IOTepb 3HEpruH:

[ #,pgdQ. (179)

Ilo ananoruu ¢ MOHATHEM CpefHell CKOPOCTH IIOTOKa BOCIOJIb3yeMCst
MOHSTHEM O CpeflHeH ToTepe SHEPTUH B CTPYHKAxX MeX]Yy CEeUeHHAMH
I—I u II—II. Tlpu stom 6ynem cuuTath, 4YTO CpelHEH HOTepei
SHepruH B CTPYHKax MEXNy CeuyeHHsIMH JO/KHA ObITh Takas IMoTeps,
KoTopasi, 6yAyYH ONHHAKOBOH Ha JIJIMHE BCeX CTPYyeK, COOTBETCTBOBA-
Ja Obl TOJHOH TOTepe 3HEPTHH BCEro I0TOKAa MeXIYy CEeYCHHSIMH
I—I u II—II, orBeyaroulefi AeHCTBHTEJbHLIM INOTEpPsM B CTpyHKaX,
COCTaBJISIOMUX NMOTOK. OG03HAUUM CPEJHIO MOTePIO SHEPrUH depes Ao,

Tornma
§h,pgdQ = [hopgdQ = pgha { dQ. (180)

Tenepp ypaBHeHHe DBepuysu [t mesoro moroka B3KOH KHI-
KOCTH, 3alHCcaHHOe HaMH B obmeM Buie (172), Mbl MoxeMm mnepemu-
caTh CJeylomuM 06pasoM:

2
pgQavj pgQagv}
~—— + (”‘ + zl) PQ = —5— + (2 + 22) p2Q + pgQho. (181)
OtHeceM Bce 3j1eMEHTHl NOTOKA K €NMHHIIE Beca MKHIKOCTH, AJIS Yero
g_asneJmM ypaBHenue (181) Ha 3HayeHHe Beca XHUJAKOCTH pgQ.
Orjia OKOHYaTeJbHO MOJyYHM
2
o} p
”+ T +a= g+;§;+zz+hw. (182)
¥YpaBHenne (182) saBisercs ypaBHeHMeM DepHysan s uesoro mo-
TOKa BsI3KOH KHMJKocTH. IIpH 3TOM cymMMa Tpex ero ujeHoB

2
Al L 4
€CTb CyMMa TPEX YIEJbHbIX SHEpTHil 1eJIoro HOTOKaQBﬂSKOﬁI2 KH IKOCTH
21g1 H -—2—2ﬂpeACTaB'
Ad10T cobo# YA€JIbHYIO KHHETHYECKYI0 3HEPruio II0TOKAa, 4YJIEHbI gé "

gz_ YACJAbHYIO NOTEHIHAJBHYIO SHEPTrHUi0 JAaBJIEHHs1 H, HAKOHEl, 4Jje-

Hbl 2; U 23— YJIGJbHYIO SHEPTHIO IOJIOXKEHHS.

Takum o6pasomM, MBl yCTaHaBJIMBaeM, 4TO ypaBHeHHe DepHysan
IJs 1LeJOro NOTOKA BSI3KOH KHIKOCTH MO CBOEMY IIOCTPOEHHIO aHa-
JIOTHYHO ypaBHeHMI0O BepHysaum nas ssementapHoit cTpyiiku. Mbl Kak
Obl YBEJHYMJIH 3JIEMEHTapHYI0 CTPYHKY AO pasMepoB IeJIOro IMOTOKa.
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HoBbiM 3/1eMeHTOM 3J1eCh SIBJASIIOTCS KOI((DHINEHTHl a; H o3, YUUTHI-
Balollie BJIMSIHHE HEPaBHOMEPHOCTH paclpefieleHHss CKOpoCTell Mo
XKHBOMY CEUEHHIO IOTOKa Ha €ro KHHETHUYECKYIO0 3HEepruio.

§ 33. IPUMEHEHHME YPABHEHHW S BEPHYJUIH IJI1S NPAKTUYECKUX
UEJIEA

YpaBHenne DBepHy/uM MHPOKO NpPHMEHsETCS B Pa3MYHBIX pas-
Jesax TMIPaBJMKH [Jid DeLleHHs MHOTMX NpPaKTHYecKHX 3ajgad. Tax,
Hanpumep, NpH NOMOWIM ypaBHeHHs1 DepHysumm ompepessiercsa  Bbico-
Ta BCAChIBaHHSl HAacoca H IPOHM3BOJUTCA pacyeT BCACHIBAIOMIUX JIMHHH.
SIBjienye KaBHTanMM, HabmoOJaeMoe B JIOMACTHHIX HAacocax M THApaB-
JIMYeCKHX TypGUHax, BO3HHKamollee B 00JACTH TNOHHMKEHHBIX JaBJe-
HHMH, XapaxkTepHayiomeecs HaJHYHeM MECTHBIX YZapoB IIPH KOHJEH-
callM¥ TNy3bIPbKOB INapa M NPUBOJsIIEE K paspyIEeHHIO MeTajia M
NOHMKEHHIO K. M. J. MAIlHH, TaKXe H3ydaeTcs C IpHMEHEHHEM ypaB-
Henuss Bepuysnmm. Ha ucnosnpsoBaHHM ypaBHeHMsl DepHyJUIM OCHOBa-
Hbl pacyeThl MHOTMX BOJOMEDHBIX YCTPOKCTB (BomoMephl Benrypw,
BOJIOMEpHbIe Maibbl M JAHapparMbl) H HEKOTOpPBIE BOAOMONBEMHBLIE yC-
TAHOBKH (HampHMep, 33KEKTODHI).

YpaBHenne DepHysasM mpuMeHsieTcsa NpPH pacuere MacJ/ONPOBOLOBR
1 GeH30NpPOBOXOB, CHCTEM BOJASHOIO OXJIAXIEHHS, NIPH ONpeleseHHH
BeJIMYMHBl IIOHHIKEHMsl JaBJeHHsi B KapOropaTopax, IIPH IOCTPOEHHH
Nbe30MEeTPHYECKHX JIMHMH B HANOPHBIX TpyGompoBojax # T. A. Kopo-
ue roBopsi, B I'MIPaBJHKE NOYTH HET pasfieioB, Tie ypaBHeHHe Dep-
HyJII HEe HCMoJb30BaNoch Obl B TOH MJM HHOH cTeneHd. Ilostomy
HHJKE Mbl IIPHBEJEM HECKOJIbKO CJIy4aeB IPHMEHeHHs ypaBHeHHs1 Bep-
HYJJM, OrpaHMYMBascCh MNOKa TOJILKO TEMH 3ajadaMH, Tle MoTepei
SHEPrUU NpPH JBUKEHHH MOXHO [peHe6peub.

O6paTtumcsl cHayasia K TEODHH BoioMmepa Bentypw, mpejacrasisio-
mero coGoil ycTpOHCTBO, NMPH MOMOIM KOTOPOI'O MOXKHO IIPOH3BOJHUTH
H3MepeHHe pacXxofa XKHUJAKOCTH B Tpy6ax.

Bomomep Benrypu, cxeMa KOTOporo HsobpaxkeHa Ha puc. 86,
COCTOHT H3 KOHYCOOGpa3HO# cxofsileHcs TpyGhl CO BCTaBKOH MeHbliie-
ro nMaMeTpa, 4eM AHaMerp IMJHHADPHYECKOH TPyOHI, K KOTOPOH mpH-
CoelqMHsIeTCss BOIOMep. 3a BCTAaBKOH cCJelyeT KOHyC BojoMepa, pac-
wupsomuiics B HanpasjeHHH TeueHHs. ITo ocu nmpuGopa ycranassu-
BAlOTCS J(Ba Mhe30MeTpa: OJMH INepel HavaJoM KOHYCOOGpa3HOrc
Cy:KeHHsl, a Ipyroifl mocepeiHHe CyXEHHOH BCTaBKH.

OGo3nauum:

D — nnamerp Tpy6hl, B KOTOPOH NPOM3BOIMTCS H3MepeHHE pacxoja
JKH IKOCTH;

d — nuaMmerp CyKeHHOH BCTaBKH;

U, — Cpejiufis CKOpocTb B Tpybe nuamerpoM D;

Us — CPEJIHAS CKOPOCTb B OOJACTH CYXEHHOH BCTaBKH.

[Tpumennm ypaBHeHHe DepHYJUIH K MOTOKY KHJKOCTH, XBHIKYLIE-
Mycsi o Bogomepy Benrtypu. [lyisi 3TOro mpoBeaeM IJIOCKOCTh CpaBHe-
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uuss 0—O0 mo ocu mnpuGopa M pacCMOTPUM [Ba CEUEHHS: B HauaJe
CYXKeHHsi, I'lle B ceueHMH /—I/ ycTaHOBJIEH NepBHIH Nbe3oMerp, ¥ ce-
yenue //—I/] cyXeHHOH BCTaBKH, IJie YCTaHOBJEH BTOPOH Nbe30MeTp.

BesiencTBHe He3HauHTENbHOH JJIMHBL MPHGOpA MEXIY YKasaHHBIMH
ceyeHusiMu (06bluHO 3—5 nuaMeTpoB TPYObI) H IJIABHOTO KOHYCOOG-
pasHOro MOJXOAa K CyXEHHOH BCTAaBKe IOTEPSIMH 3HEPrHMH MOXKHO
npenebpeub. [lostoMy MBI MOXKeM 3amHcaTh ypaBHeHWe DBepuysu
NpPHMEHHTEJbHO K paccMaTpHBaeMOMY CJydalo CJeLYIOUHMM 0o0pasoM:

2 2
MY P %% | e
2g T egT T2g +9g' (183)
I y/4
i
Ah
| 2
7
| ST B
=
|
I y/4

Puc. 86

['eomeTpryecKkHe BBICOTHI 2; M 2, PaBHBI HYJIO BCJEACTBHE TOro, YTO
IJIOCKOCTb CPaBHEHHSI IPOXOJHT Yepe3 LEHTPHl TAXKECTH KHUBBHIX ce-
yeHHH, coBMajamiiue ¢ ocklo mpubopa. Tak Kak pacxon
Q = v,0; = Vy0,,
TO
nD? nd?
U]'T = Ug "

OnpenesuM OTCIOfA CKOPOCTb Us:
D2
Vg = Ulgé .
IToscraBuM moJiyyeHHOe 3HaueHHe U, B ypaBHeHHe (183).
Torna
2 2
e} Elz‘:?_ﬂ_,_& u Ba_Pr_ap_ 2(0D
2g " pg 2gd* " pg’ TANT = U1\ 2gdt T %)’
ecsu yepes Ah 0603HAYMM Pa3HOCTb NMbE3OMETPHYECKHX BLICOT, OTCUH-
THIBaEMYIO MO MIKaJje Ipuoéopa.
CJrenoBareJibHO,
/2R,
/b

G g — A

01=
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C npyroii CTOpPOHBI, PacxXoJ *KUAKOCTH, NMPOXOASINEH yepe3 BOAO-
Mep, paBeH
(= 00;.
ITostomy

Q= o, \/ —+— V 2gbh (184)

a2ﬁ—a1

[Mpu BhIBoze 3aBUCHMMOCTH (184) MBI He yUMTHIBaJH MOTEPb 3HEP-
THM NpH JBHMKEHHH BOJbl yepe3 npu6op. IlpakTHuecku 3TH moTEpH
VUNTHIBAIOTCSl BBeJeHHeM Kosdduuuenta pacxoja Bojomepa p < .
CuniefjoBaTe/IbHO, OKOHYaTeJbHasi (opMyJa [IJs pacxoia XHUAKOCTH,
NpoXofsiliell uepes BOROMEP, INOJYUYHT TAKOE BbIPaXKeHHE:

ST 1 e
Q= por)/ —5i— V2 (185)

dege — %1

Takum o6pasoM, JJisi ONpeJeJeHHsl pacxXoja MXHAKOCTH IIPH Io-
MOIIH BOJOMepa paccMaTpHBaeMOH KOHCTPYKUMH HaJo 3HaTb INOCTO-
sIHHyI0 TNpHGOpa, 3aBHCAILYI0 OT €ro pasMepoB:

1
(I)l —D4——’
aza—,;—-—al
Koz(ppuunent pacxoxa p = 0,985 nsas HoBeix BojoMepoB u p = 0,98
JJIs1 BOJIOMEPOB, OBIBIIMX B YyNOTpPeOJIEHHH.

Ilpn ompenesneHHH NOCTOSIHHOH BOZOMepa KO3(h(HIHEHTH Hepas-
HOMEDHOCTH ¢; H 0y MOIYT ObITb NPHHSATH PaBHBIMU

ay = Qg = 1,1.

Kpome ToOro, Hy»XHO HMeTb B BUAY, Kak OyJleT IIOKa3aHO JHaJjiee, YTo
B HEKOTOPHIX cJy4YasX Ko3((HUHEHT pacXoia p MOXKeT 3aBHCETb OT
uncaa Pefinosbaca, 1. e. p = f(Re).

1
CrezoBartesibHO, 3Hasi p U wll/ — HEOOXOJUMO TOJBKO

U2 g7 — %

NPOM3BECTH OTCYeT No nbesoMerpaM. IIpu 3TOM mnokasaHWe BTOPOroO
npesoMerpa OyIeT Bcerja MeHblle [OKa3aHUsl IIepBOTO Ibe30MeTpa,
TaK KaK B CYXKEHHOH 4YacTH TpPyOKH ckopocTH OyanyT GoJibile, a JaB-
senye muxke. TakuM o6pasoM, cyxeHHass BCTaBKa yCTpaMBaercsl IJist
NOJIYYEeHHSI PasHOCTH NIbe30METPHYECKHX BEICOT.

Kpome paccMoTpeHHOTro Bhillie BOJOMEpa, AJis1 M3MepeHHs pacxoja
XKHJKOCTH B TpyOax NPHMEHSIIOTCSl H3MepHTeJbHble IAHObl (xHadpar-
MBI), pacyeT KOTOPHIX TaKe OCHOBaH Ha ypaBHeHWM bepnyau. Ha
puc. 87 mokasana H3MepHTesbHas Iafi6a, BCTaBJEHHasi MeXAy pas-
ABuHyTeIMH (hannamu Tpy6. llafi6a, cyxas nonepeyHoe ceyeHHe TpyOhI,
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MOHUXKAeT JaBJieHue 3a coboii.

PasHocTh noKasaHHMH Nbe30METPOB,

¥3 KOTOpPBHIX OJMH YCTaHOBJIEH nepen Miafi6oit, a npyroii — 3a He,
MO3BOJIsIET ONpPEeJEsHTL PacXoj IO 3aBHCHMOCTH, aHajornyHoii (185).

B saksioyeHne HccrenyeM pa6oTy 39XKeKTOpa, CJyXKallero MuJs
HoJ’beMa JKHJKOCTeH, OJHAa M3 BO3MOXHEIX CXeM KOTOpOro IpejcTaB-

LRI

RN

—_—t e T

L TR A IS S

Puc. 87

W

4

JeHa Ha puc. 88. Dxex-
TOp COCTOHT M3 JBYX
KOHHYECKHX Tpy6 — cy-
JKaloleHcss H paclIupsio-
mefica. B mecte ux coe-
IVHEeHHsl, The JuaMerp
3TOr0 yCTpOHCTBa ABJSA-
eTcsl HauMeHBIIUM H pab-
HbBIM d, IIpUCOEJHHEHA
BepTHKaJIbHAs TpyOa,
onycKaemasi B pesepByap,
H3 KOTOpPOrO XKHJAKOCTDb
JO/JKHA  TOJHHMAaThCs
sxekTopoM. ITpunnun pa-
60THl YCTAHOBKU 3aKJIIO-
4yaercss B CJEAYIOEM:

palouasi XHMJAKOCTb IOJaeTcss K 3xKeKTopy no 1pybe 7, uMeromei
nuaMerp D, ¥ moctynaer B cyxeHHoe ceyeHHe auamerpoM d. B stom
MecTe CKOPOCTb CHJILHO BO3pacTaeT, B pe3yJbTaTe Yero JIaBJieHHe

r
]

7
|

K

—7

rnajnaetr HHXKeE aTMOC(I)epHOI'O.

KHJIKOCTb 3acCacChblBaercs
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Puc. 88

BesiencrBue o0pasoBaHMsi BaKyyMa
3KEKTOPOM H3 pesepByapa H JBHKETCs
nasee BMecTe ¢ paCouell XKHIKOCThIO Lo TpyGe K.



BenuurnHa BakyyMa B 3)KeKTOpe ONpejensiercs Mo ypaBHeHHI0 Bep-
HyJuM. [las 3TOro mpoBejeM MNJOCKOCTb CPaBHEHHS Yepe3 OoChb KeK-
TOpa H BO3bMEM [IBa CeYyeHHs, NOKa3aHHbIX Ha ueprexe. Hammmem
ypaBHeHHe DepHysin nnsi sTHX ceueHHd, mpeHebperas nJjs IPOCTO-
THl NOTEPSIMH SHEPTHH:

p—l+ﬂf_=£’z+“2°§. (186)

74 2g og 2g

P
ssseessesiab

Besnunna BakyyMa, ompejessieMasi 3aBHCHMOCTbIO (43), paBHa

Pam P2 P2 Pam
_be oy Pr Pam g
g pg  pg g e

hsax =

[MopctaBuB 3HayeHHE JJIsA f—é B ypaBHeHHe (186), mocsie HecJIOXKHBIX
npeoGpas3oBaHUil MOJiyuyaeM BEHIpaXKeHHe [Jisl BEJHYMHBI BakKyyma, o006-
pasyiolerocsi B 3XeKTope:

azvg e 1012 Pam __ p1
2g 2g 24 pg’

haax =

Tak Kak CKOpPOCTH B IEPBOM M BTODOM CEUYEHHSX COOTBETCTBEHHO
paBHBL:

Q Q
V1= pz H V2=,
4 s

rae Q — pacxoj, nojaBaemblil mo Tpy6e T, T0O OKOHUaTeJbHOE BBIpas
)eHHe JJIl BeJIMUMHBEI BaKyyMa, oO0pasylollerocss B 3:KeKTope, IOJy-
YuM B CJELYIOIEM BHJE:

hnax='6—m(?-‘—“—i)+’i@_&_ (187)

De] " og e
[lpumep 16. IlepefineM K peleHHIO HEKOTOPHIX YHCJIEHHBIX NPUMEPOB.
Ilycrp Bomomep Bentypu umeer pasmepsl D = 200 mm u d = 80 mm
(puc. 89). HudpdepeHnyajbHblii MaHOMETP BOIOMEpa 3amoJIHEH PTYTbIO
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u Bojoit. Onpenenuts pacxof Boabl Q MpH NOKAa3aHWH MaHOMeTpa

Ah =200 mm.
Kos(hduuueHT pacxoja, y4YHTHIBAIOWHI NOTEPH SHEPrHH B BOJOMe-

pe, v =0,98.
Torma pacxop onpenenutcst no dopmyae (185)

. nDz 0
‘/ l/QgAh pT_ "=
a2d4 — %
3,14 - 0,22 136——10
09820 \/1,1 V1962 0,236 —10

—ll

= 0,0344 m3/cex = 34,4 a/cex.

Mpumep 17. Boga B xosamndyectBe Q = 30 s/cex mojaercsi B 3KeK-
TOp NpH IOMOLIM IEHTPOGEKHOro Hacoca, CO3JaloLIero B MOABOAALIEH
Tpy6e T naBjsenue p, = 2 am. Pasmeprl 3xkekTtopa caepywomue: D =
=100 mm 1 d =50 mm (puc. 88). Boxga M3 HanopHOH JHHHMH YycTa-
HOBKH JIOJKHA H3JMBaThcsl B atMoctepy. MoXXHO /i JaHHBIM 39XKeK-
TOpOM MOJHSATH BOJY M3 pe3epByapa, paclloJIoXeHHOro Ha H = 4,5 u
HHXKe OCH 3XKeKTopa?

Tlo saBucumoctu (187) onpepenuM BakyyM, KOTOpHIE CO3ZaeTcs
B 3KEKTope NpPH 3aJaHHBIX €ro pasMepax:

A 16Q* ( “‘2) Pam  p1 _
BaK — 7 —_— ==

=g Ds pg g
_16,0-0,082 LIl 98100 _ 2-98100 _ g,
3,14% - 20 - 981(0054 0104)+1000 9,81 ~ 1000-9,81 :

TaK Kak oOpasyloluiics BaKyyM MeHblle BBICOTHI mojabemMa fH = 4,5,
TO 3KEKTOp BOJAY M3 pesepByapa 3acocatb He cMoxer. CienoBarenb-
Ho, TpefyeTcs yBeJHYeHHe pacxoia paboyell KHIKOCTH HJH CHHXKe-
HHEe JaBJeHHs B NOJABOJsLIEH TpyoGe.

Mpumep 18. OnpezenuTh BesMuMHY BaKyyMa B Hadajie OTCachiBa-
fomed TpyObl THApAaBIHYeCKOH TypOMHBI, ecJM ee JJUHAa paBHa A, =
= 5,0 . KpoMe TOro, H3BeCTHBHI: BXOIHOH [HAMETP OTCACHIBAIOLIEH
Tpy6sl D, = 0,7 m, BbXxomHO#l nuamerp ee D, = 1,40 m u pacxon
Typ6uHBl Q = 1,50 m3/cex (puc. 90).

[na ycTaHoBleHHs BesMYMHBI BaKyyMmMa B Hayasie OTCachIBalomlefi
TpyOrl (ceuenue /—J/) cocraBuM ypaBHeHHe DBepHysiu pns ceuenuis
I—I wu II—I/, npyuHsB 3a MJIOCKOCTb CpPaBHEHUs! ypOBEHb CBOGOLHOM
NOBEPXHOCTH XKUAKOCTH (ceueHue [/—I/1). Torga B yc/a0OBHAX Hallero
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npuMepa, TpeHeGperasi NOTepsIMH SHePrHH TO JJiMHE TPYOBI, HA OCHO-
pauuu (182) MoxeM Hamucarthb:

7+ z2+§§+

2

a202
2g°
Tak kaK B paccMaTpuBaeMOM
ciyuae
e . Q4Q
:hB, Z——-O, Ul——w—l —RD%; P ' R
Q_ 19 2] ]
Ug = -w—- = p2 = pg, W 4

2

TO
p1 . 162,Q* 162,Q? \ /75=Z'

fact g T 2gr?D} pg ¢t ogwn 2gn*D
H

Pa_ Py _p 16Q* .

= e—— ——— —_— X
foae= G — @ = g X g "
(al a2> 2 g
X |=— =2
D‘l‘ Dg Puc. 90
CrefoBaTteJbHO,
15 (L1 1) _
haax = 5,0 + 5 981 3,142(cT71 144) 58 n.

§ 34. PABHOMEPHOE JABMW)XEHHE )XHUIAKOCTH B TPYBAX U OTKPBIThIX
PYCJIAX

Kak 6b10 ykasaHo Bbillle, paBHOMEDHBIM JBHXKEHHeM Has3blBaeTcsi
yCTaHOBHUBLIEECS IBHXKEHHE, NPH KOTOPOM CKOPOCTH YaCTHL XKUIKOCTH
He H3MeHSIOTCS BJOJb TpaekTopuil. IIpH paBHOMEPHOM [BHIKEHHH
KUJKOCTH B BOIONPOBOIHBIX TpyGaX, He(renpoBojax, GeH30MPOBO-
JaX W MacJONpoBOJaxX MKHUJKOH CMasKH, a Takke B OTKPHITHIX pycC-
JlaX KHUBBIE CEYEeHHsl, CpPeJlHHe CKOPOCTH TeYeHHsl M IJIyOHHBI IO JJIH-
He NOTOKA OCTAIOTCS IOCTOSIHHBIMH.

BriBeileM OCHOBHOe ypaBHEHHE DPABHOMEPHOTrO JBHIKEHHSI, KOTOpOe
CJYXKHT JJI1 THAPABJHYECKOrO pacueta BCeX IeEPeuHCJIEHHBIX BbIIe
NOTOKOB. ByJnem paccMaTpuBaTh NOTOK KHAKOCTH IPOH3BOJIBHOM (hop-
MBI ILIOIAZBI0 ®, HMEIOIHI 1O IJHHE NOCTOSIHHOE XKHBOE CeYeHHe H
HaKJIOHEHHBIH K TOPH3OHTY IOJ YIJIOM oy BbifesuM B NOTOKe ceue-
ausMH [—[ u I/—I1I orcek xupkocth ABCD pmuuoit L (puc. 91).
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OGo3naunM: NaBJleHHs! B LEHTPaX TAMKECTH MKHBBIX CEUCHWil IOTO-
Ka [—I u [l—I] COOTBETCTBEHHO p; H p;, TEOMETPHYECKHE BLICOTH
STHX LEHTPOB TSXKECTH HaJ IJIOCKOCTbIO cpaBHeHuss O — O— 2z, U 2z,.
HMs tpeyrosbHuKa abc ycraHaBiamBaeM, 4TO
21 .— zz.
sina,

. R, —
sma0=1—Lz-‘~’n L=

Bremnue cuiibl, NPHBOAAMINE JKHIKOCTb B JBHMKEHHE, B yCJOBHSAX
PaBHOMEpPHOrO IBHXEHHs MNO/KHBI ObITh pPaBHBl CHJIaM COINpPOTHBJIe-
HHSl, BO3HHKAIOMUM IIpH JBHKe-
HHM, TaK KaK paBHOMEpHOe JBH-
eHHe MOXKET NPOHUCXOJHUTb TOJb-
KO Ipu cOOJIOJIEHHH B3aHMHOTO
ypPaBHOBEIUMBAaHHS BCeX JeHcT-
Bylomux cua. Ilostomy cymma
IpOeKUMA BHEIIHHX CHJI, NPHBO-
IAUMX JKHJIKOCTH B JIBHXKEHHE,
Ha JoOylo OCh JO/KHA OBbITb pPaB-
Ha CyMMe IIPOEKUIHMH CHJI CONpO-
TUBJIEHH Ha Ty Xe ocb. Ecau
3a OCb INpOeKUHMH INPHHATb OCb
noroka (OCb JBHXKEHHsS), TO B

Puc. 91 ypaBHEHHEe paBHOBECHS BOHIYT

CJe[lyIOUHe CHJBL CHJBl JaBJe-

HuA B ceueHusx [—/ u [/—/], cuia TSKECTH OTCEKa IXHJIKOCTH

H CHJIBI CONPOTHBJIEHUA JIBHIKCHHIO (TaK Ha3blBa€Mbl€ «CHJIBI TPEHHA
Ha CTEHKe»).

BHemHue cCHJB, NpUBOJLSLHE KUAKOCTb B ABHXe-
Hue Cuabl naenenus B ceuenusix [—I (P,) u I1—I1 (P,) onpene-
JIATCST 1O YCTAHOBJIEHHOH paHee 3aBHCHMOCTH [J151 BeIMYHHB JaBJIEHHS
JeHCTBYIONIEro Ha IJIOCKYyI0 (urypy (MBI paccMaTpuBaeM paBHOMep-
HOe NNAaBHO H3MEHSIOLleecsl NBHXKEHHe, I'lle THAPOJHHAMIYecKHe JIaB-
JIEHHSI paclpefessloTcsl N0 T'MIPOCTATHYECKOMY 3aKOHY):

P,=uowp, u Py= wp,.

OrmetuM, yTO cHaa P,, Kak JAeHCTByIOIWas HOPMAJbHO K IIOCKOCTH
»xHuBOro ceuenuss //—JI, HanpapjeHa npotus jgBwxenus. Cuia Ts-
)ecTH (Beca) orceka paBHa G = wlpg, rie p — IJIOTHOCTb XKHMJAKOCTH,

CHJabl CONPOTHBJEHHS JABHXKEHHIO. DTH CUJBI NPHJIOKE-
Hbl BJIOJb TOBepXHOCTH creHOK orceka ABCD. OGosHauuM yepes T,
YAEJbHYIO CHJy TpEHHs (CHJly TpeHHsl, NPUXOASLLYIOCS Ha eIUHHIY
BHYTpPeHHeHd noBepxHocTH orceka ABCD), a uyepes X — CMOYEHHBIH
nepuMerp (IJIMHY KOHTypa KHMBOTO CEYeHHs, 1O KOTOPOMY KHIKOCTb
conpukacaercsa co creHkoit). Torma mnoJnas cusa TpeHuss T = LXz,.

CocraBuM ypaBHeHHe paBHOBeCHsi CHJI, JEHCTBYIOLIMX Ha OTCEK
ABCD OTHOCHTENIbHO OCH IOTOKa:

P, —Py+ Gsinay—T =0,
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WM
P,— P, + Gsinay =T. (188)
INoxcraBnas B ypaBHeHune (188) omnpenesedHble paHee SHayeHus
CHUJl, TIOJNYYUM
®); — 0py _I.. “m—(?__ig) — LXTO'

Pasgenum ypaBHeHHe Ha pgo:

P1__ P2 LX<y,
g g + 1 2 ng’ ( )
R
L) —IE4 2= .
(pg Ta) =g T2 =0y
2
Tak kak KuHeTHuecKasi Heprus (0'2—Ug) B ceuenusix [—I u I/—I] omu-

HakoBa, TO JieBasg 4YaCTb YPAaBHEHHUSl SBJISETCH PA3HOCTHIO YJENbHBIX
SHePrHi M BHIpaxaeT IOTepH SHEPTHM Ha JIJHMHe orceka. Torza Mox-
HO 3anucars:
LYy

Nh—9s=hy= vl (190)
Ypasrenue (190) siBisieTcsi OCHOBHBIM ypaBHEHHEM PaBHOMEDHOIO JBH-
JKEHHS U CJYMKUT JJIs ONpeJe/ieHHs NOTePb SHEPTHH IO JJIHHE IIOTO-
ka. OHo crnpaBeisiuBO Kak JJisl HallOpHOIO ABHXKEHHSI B TpyOax, Tak
u 51 6e3HANOPHOrO JBHIKEHHSI B OTKPBHITHIX pycJax.

Taxum o6pasoM, CONpOTHBJIEHHS, BO3HHKAOI{e IDH PaBHOMEPHOM
JBHXKEHHH BSI3KOH KHIKOCTH, NPSMO NPONOPLHOHAJbHH JJIHHE IOTO-
Ka, CMOYEHHOMY I€pHMETPY, HANpSKEHHIO CHJIbI TpPEHHs Ha CTEeHKe
4 06paTHO NPONOPIHOHAJBHBI NJIOMANH XHBOTO CEYEHHSs IIOTOKA.

'mappaBnuyecku# pajguyc. B runpasiauke IIHPOKO HCHOJb-
3yercsi TNOHSTHE O THAPABJMYECKOM pajuyce, MpPEACTaBJSIONEM COGOM
OTHOILIEHHE IVIOLIAAH XKHBOTO CEYEHHs NOTOKAa ® K CMOYEHHOMY IIepH-

MeTpy x:

R=7. (191)

OcraHoBHMCST HA 3TOM IOHATHHM HECKOJbKO mozpoGHee. I'Mapasiu-
YeCKMH pajMyc SIBJISETCS BEJHYHHOH, B HEKOTODOH CTeNMeHH Xapakre-
pH3yiolell ¢opMy KHBOTO CedeHHs] MOTOKa. PasMepHOCTb THIpaBJIH-
4ecKoro pagmyca JuHeliHas. OnpefesiM 3HAauyeHHS THAPABJHYECKOrO
panyyca s JBYX INpelebHBIX CJYy4aes:

1) nns HamopHO# KpyrJiofi TpyOwl auamerpoM d, paboTarouieil noJ-
HBIM CedeHHeM:

2
X 4nd 4

2) nJis BecbMa WHPOKOIO OTKPBITOrO pycJsa ryGHHOH A W IHpHHOH
no AHy B (BjHsHHEM OTKOCOB Oepera IpH OIpeAeJeHHH IJIOLIafH
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3KHBOTO CEUCHHsI H CMOYEHHOro MepHMeTpa MOTOKA MOXKHO IMpeHeGpeub):

® Bh
R =3 -X- = -—B— =~ h.

Takum o6GpasoM, eciqH CONOCTAaBJATH THAPABJHYECKHHA paiuyc C
rJyGHHOH NOTOKa, TO HaHMEHblllee 3HaueHHEe OH MMEET B HaNOPHBIX
Tpy6ax, cocraBssisi 1/, IyOHHBI HalOJIHEHHS, a HauGOJbliee — B OYeHb
LI POKOM OTKDBITOM pycise, ede eudpagiuieckull paduyc npaxmu4ecku
pasen eaybune nomoxa. I[loamomy eudpasiuseckuii paduyc MONCHO
paccmampueame Kaxk 6eAuMUHy, OAU3KY0 K eaybuHe NOMOKA 8 O4erHb
WUPOKOM OMKpbLmOM pycie. B 3ToM 3akJiouaercsi (PH3HYECKUH CMBICI
NOHATHS THIAPABJHYECKOr0 panuyca.

Beenem ruppasanueckuii paguyc B 3aBucumoctb (190). Torma oc-
HOBHOEe ypaBHEHHe DaBHOMEDHOIO JBMKEHHS NOJyYHM B TaKOM BHJE:

_Ln
Hy = R (192)
Paspenum ypaBHenue (192) Ha mauny L:
e 1oy
L " Reg®
h
Tak Kak rw = J — ecTb I'MAPABJIHYECKHI YKJOH, TO
2 — RJ umn ty = pgRJ. (193)

g

I rasa namasn
TEOPUA IABUKEHUS )XHAKOCTH MO TPYBAM

WHxeHepaM-MexaHHKaM TNPUXOAUTCS IPOU3BOAUTDH THAPABJMYE-
CKMe pacueThl GeH30NMpOBOJLOB, He(hTENPOBOAOB, MAacJONPOBOJOB XKHJA-
KOH CMasKd, CHCTEM OXJiaXJleHHsl, EOJCHPOBOJHBIX JIMHHH U T. H.
B stux TpyGonpoBojax Bo3MOXKeH KaK JaMHHAapHBIH (Hanpumep, MpH
JBIKE€HHH BSI3KHX XKMAKOCTeH: TEeXHHYeCKUX Maces, rycToil HedtH H
T. A.), Tak U TypOyJeHTHHH pexum ABiKeHHd. [losTomy paccmoTpum
o6a pexmnMma JABHKEHHS XHAKOCTH IO TpyOaMm.

§ 35. JJAMUHAPHbBIH PE)XUM ABW)KEHHMS )XUJKOCTH B TPYBAX

Ilpy namMuHapHOM peXHMe ABHIKEHHs BSI3KOH IKXHIKOCTH B Kpyr-
JOH UMJMHApHYecKOH TpyOe OTAeJbHbIE CTPYHKH JABHXKYTCA Iapal-
JeJbHO Apyr Apyry. CTeHKH, BIOJIb KOTODbIX NPOHMCXOAMT ABHIKEHHE,
NOKPHIBAIOTCA INPUJHMNIUKNMH K HHM YacCTHLAMH  XXHJIKOCTH; CKO-
POCTb IBHIKEHHS XKHIKOCTH HENMOCPeJCTBEHHO HAa CTeHKe paBHA HYJIO.
IlepBrifi MorpaHUYHBIH ABHXKYIIMHCA cJof 6yAeT CKOJb3UTb IO CTEH-
Ke, NMOKPHITOH MPUJMIIUKHMHM uacTHnamu. IlosToMy BesuuMHa TpeHHS
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WKUAKOCTH BHYTPU TPYObI MOXKeT GBHIThb OIIpefeJieHa II0 3aBHCHMOCTH
(), mpekpacHO MNOATBepXKAEHHON TEOPETHUECKUMH H Ja6opaTOpPHBIMU
uccaenoBauusamMu npod. H. I1. TlerpoBa B ero paborax no o6ocHoBa-
HUIO THAPONMHAMHYECKOH TEOPHH cMaskul:

du
T——_—p‘d_h.

BocnonbayeMcsi OCHOBHBIM ypaBHEHHEM PaBHOMEDHOIO JBHKEHHS
(193). sameHuB B HEM THApaBJNYeCKHH paauyc R paauycoM TpyOwl r.

3

— s ——

-

t
|
b U mare—

Puc. 92
CJieoBaTebHO,
=2 (194)
IpupaBHsieM npaBble yacTd 3aBucuMoctedt (5) u (194):
L - (195)

3asucuMocTtb (195) MOXKeT CJyXKHTb [/ ONpefie/IeHHS BeJHYUHBI Tpe-
HMSI ¥ caMOll CTeHKH TPyObl, MMelolled paguyc r.

CoBMecTHM Telepb OCb X C OCbl0O TPYyOB M NpOBeieM Ocbh A 10
HanpaBJ/IeHHIO M3MepeHHs juaMerpa TPyOHl. BeijesnM B paccTOsiHHH
h or ocH TpyOGhl KOHLIEHTDHYECKHH CJOH KHAKOCTH TOMIMHOA dh
(puc. 92). Has atoro cj1od THAPABJIMYECKHi pajHyC paBeH

r
R=%-

13nak MuHyc B ¢opMyse (5) AoKeH ObITh MNOCTAaBJEH MO CJEAYIOMHM COOG-
du
dh
JIEHHO IBHXKYIHfcs c/Iof 3anepiKHBaeT IBHKEHHE BepXHero cjos (puc. 92), T. e.
CHJIA BSI3KOCTH HalpaBJieHa NPOTHB TeuYeHHS H TNO3TOMy B QopMyae (5) IOMKeH

PaXKeHHSIM: €CJIH 1O BHYTDPeHHeHl HOPMAaNH CKODOCTb BO3DAcTaeT > 0) , Mel-

. u
OLITh 3HAK MHHYC; €CNH XKe IO BHYTpeHHedl HOpmMami —o <0, To Bepxuuii cJoit

CO CTOPOHBI HHXKHEro MOJYYHJ OB BO3NEHCTBHE B HAaNpaBJEHHH TEYeHHS H OKOH-
yaTeJbHBII 3HAaK NpPH BeJHYHHe T ObT OBl TIUIIOC.
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IloxcraBasia 310 3HaueHWe B ypaBHeHue (195), mosmyyuMm 3aBHCHMOCTH
JJisl OIpeJie/IeH!s] BeJMUHHBl HANpPs:KEeHHs CHJl TPeHHs BHYTPH KHUAKO-
CTH:

pLr du
Sl=—rg
T. €.
du gar
':=—p.az=%-‘]. (196)

U3 Beipaxenus (196) ciepyer, 4To BeqMYMHA HANPSIKEHHs] CHJ Tpe-
HHSl © U3MeHsIeTCs MO KUBOMY
7 7 4 ceyeHHI0 TPYObl MO JHHEHHOMY
7 '8 3akoHy. Ilpu sTomM Hau6oJib-
ZI I 7L LI L LIV LU LLA
uiee 3HaUeHHe BEJHYMHBI T, =

o= Péi' J 6yzeT y cTeHOK Tpy6HI,

rfie Ayaxe =7, a HaHUMeHbIlee
(nyseBoe) T =0 —B €€ neHt-
ol ¢ ) pe, tie A =0.
7 7 Ha puc. 92 nokasana smio-
pa pacnpefe/ieHHs BeJHYHHBL
Prc. 93 HanpsXeHHs] CHJ TPEHHS MKHI-
KOCTH HO TJy6uHE TPYyOHI.
Hccnenyem xapaxrep pachpefesieHHss CKOPOCTeH IO KHBOMY ceye-
Huto. PaccMOTpPHUM TOPH3OHTaJbHYIO KPYTJIYIO LHJIHHAPHUYECKYIO TpPY-
6y, umetomyio pazuyc r (puc. 93), B Koropoii ceuenusmu [ — /[ u
Il — Il BbieseH oTcek IBMXKymie#csa xuakoctn ABCD pawunoit /.
JlaBneHue B LeHTpax TSMKECTH XKUBHIX ceweHuii [—I u II—I[ o6oz-
HayuM p, U ps. BHyTpu otceka ABCD BblieauM MKHUIKOCTHBIA 1i-
JUHAPp abcd M cOCTaBUM JJIsT HEro YypaBHEHHe pAaBHOBECHSI OTHOCH-
TeJIbHO OCH TPYOBI:

L1

N
|
&[ -
_—

4

pro —peo —T =0,
UM
pi=h?® — pomh?® 4 275/11}»% =0.
I'locsie npeo6pazoBaHuil NOJYYUM

wh*(py — pa) = — 2rhip G |

HaH
hap = —20p %
3 storo ypaBHeHHSI HMeeM
au = — A‘;——ﬁl‘—j—f . (197)
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Pasnenum uucauTesb M 3HaMeHaTesh BolpamxeHusa (197) Ha pg:

du = —%hdh

TpounTerpupyeM noJydeHHOE nncbcpepeHuHa.anoe ypaBHeHHe:

u=—2LryC. (198)

TToCTOSIHHYI0 MHTErPHPOBAHHsI ONpPEJeJHM H3 MOTPAHHYHLIX YCJIOBH
Ha crteHke TpyOHl, rae npu h =r ckopoctb u =0. Toraa

_Ap
c_.TP-

OkoHuaTesIbHO HMeeM
____ 2 2
u 4va (r®? — A?). (199)
TMosiyueHHOe ypaBHEHHe SIBJIsieTCS ypaBHeHHeM mapaloJibl, KOTO-
poe umeeT MakcuMyM npu h = 0:

Apr?
Umake = ﬁp‘; . (200)

CrieoBaTesIbHO, MPH JAMHHADHOM DEXHMe JBHIKEHHs B KPYIJIOH Tpy-
6e CKOpDOCTH IO YKMBOMY CEUEHMIO pacHpefiesIfioTcs Mo mnapabosinye-
ckomy 3akoHy. Ilpu stoM Haubosbliass CKOpPOCTb HabJMojaeTcs M0
ocH TpYyOHL.

OnpenenanM pacxol KHIKOCTH, Npoxofsined mo TpyGe. DJeMeH-
TapHBIA pacxoj, XKUAKOCTH, NPOXOAsUICH yepe3 KOHIEHTPHUYCCKHH CJION
tonuuHo# dh (puc. 92), pacmoJjioXKeHHBIH Ha pacCTOfHMH A OT OcU
TpyOHl, paBeH

dQ = 2xhdhu = 2xhdh A” (% — 1), (201)

Ilosnelt pacxon ompejennTCs PIHTeI‘paJIOM BeIpakenus (201):

Q= SdQ 52 hdhlAp(r*—h”)=§%5(r’——h’)hdh=

= "“—”(’—‘ — —) AS;;::' (202)

Cpensisi cKOpocTb NMpH 3ToM OyJeT paBHa
—Q9_ 9 _ Apnrt _ Apr?
Ve T T 8lpvrtr? — 8lpv ° (203)
ComnocraBifsl BbIpakeHHe 1Jsa cpelHedl ckopoctH (203) ¢ 3aBucH-
MOCTBIO JUJI MakcHMaJbHOH ckopocty (200), ycranaBiuBaeM:
u

v=—5<. (204)
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3HauuT, CPENHsisi CKOPOCTb B KPYrJiod Tpybe npH JaMHHAapHOM pe-
JKUMe JIBUXKEHHs] paBHA MOJIOBHHE MAaKCHMaJbHOH CKOPOCTH.

YcTaHOBHM 3aBHCHMOCTb JJI1 OINpelesieHHs IOTepb SHEPruH B
. A
KpyrJoil TpyGe NMpH JIaMHHapHOM pexuMe. Bblle yKasaHoO, 4TO é

€CTh pasHOCTb JaBJjeHHH B ceuenusix [ — I u I/ — I, xotopas pac-

.. A
XOIyeTcsl Ha NpeoJioJIeHHe CONPOTHBJICHUH: é:hm. IloncraBuB 3TO
3HaueHue B ypaBHeHue (203), mosayuum
—hy 2
v =ho 8vl’
HJH
8vlv
hw = 'g7 . (205)

CreoBateJibHO, NOTEPH 3HEPTHH IIPH JAMHHapHOM pexXHMe JBH-
JKEHHsl MPONOPIUOHAJBHEl NEPBO CTENeHH CKOPOCTH, KaK 3TO ykKe
yKa3aHO paHee MpH aHaJu3e pe3yJbTATOB SKCIEPHMEHTaJIbHBIX HC-
CJIelOBaHUH.

YcTaHOBUM BBHIpaXKeHHe JJIs1 FMAPABJIMYECKOro ykJoHa. OHo mody-
yaeTcsl NMyTeM MOYJIEeHHOro JesieHHsl ypaBHeHus (205) Ha [. JleficTBH-
TeJIbHO,

hw 8vuv 32w
—_— = J = e— = —,
l grz gd2 (206)
IMepenumem Bhlpaxenue (206) crenyiomuM o6pasoM:
J___2-32-\;02_64vv2
T vd2gd T~ wvd2gd”’

Tak kak
e,
TO
6402
J = Redgd " (207)

Cnenosare.nbno, I‘I/IllpaBJII/I‘-I€CKI/Ifl YKJIOH IIpU JIaMHHApHOM pEXKH-
4
Me JBHXKEHHsl 3aBHCHT OT uucjaa Re. Bblpa}KeHHe Re B THJApaBJIHKE

0003Ha4YalT yepes
64

" Re

M HasbBalOT KO3DMULHEHTOM CONpOTHBJeHHs. Torza ¢opmyasl Aas
onpefeJsieHHs! NOTEPH 3HEPTHH M TMAPABJIHYECKOTO YKJOHA MOrYT GbiTh
sanucaHel B TakoM Bufie (dopmyna IHapcu):

A

1 v?
hy = 7%
N (208)
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§ 36. TYPBYJIEHTHBIA PE)XUM JABW)XEHUS XXUIKOCTH B TPYBAX

IIpn TypOyJeHTHOM pexKuMe [BUKEHHS, ONHCAHHOM B § 22, Ha-
6/rojlaeTcsl HelmpepbIBHOE HHTEHCHBHOE IlepeMelllHBaHHe YaCcTHIl KHAKO-
CTH B pe3yJjbTaTe HUX MepeMellleHHsl B HanpaBJeHHH, IepleHAHKY-
JISIDHOM K OCHOBHOMY HalpaBJeHMIO IBHXKeHHs IoToka. [lpn stom
BO3HMKAOT MIHOBEHHbIE HM3MEHEHHWS BeJIMYHH M HalpaBJIeHHH cKopocTei
NBHXXKEHHST OTAEJbHBIX YacTHIl, HasblBaeMble MyJbcaluedl CKOpOCTeH.

5?/[5/(
6
3 /\ﬂ‘ M‘W, m"y ¥ y W
V43 T cex
Pic. 94

SIBsieHNe TMyJbCALMH CKOPOCTeH 3aKJIOYaeTcss B TOM, YTO MeCT-
Hble CKOPOCTH (CKOPOCTH IBHXKEHHS B TOYKE) HENPEPHIBHO H3MEHSIIOT-
cs, KoJieOJsich OKOJIO HEKOTOPOH I[OCTOSIHHOH BeJIHYHHBI, HasblBaeMoH
MeCTHOH ocpelHeHHOH ckopocThio. Ha puc. 94 mnokasana KapTHHA
nyJibcanuu ckopoctd mo jaHEeIM M. A. Besukanosa, BcecTopoHHE
H3yyaBIIEr0 3TO sIBJEHHE TeOpeTHYeCcKH M 3KclepuMeHtasbHo. Ompe-
BeJIIM OCpe[lHEHHYIC MEeCTHYIO CKOpPOCTb. Bo3bMeM B KHUIKOCTH 3Jie-
MEHTapHYI0 miomajky dw, B 061aCTH KOTOPOH HPOMCXOAMT MYJbCa-
1M CKOpocTH. 3a BpeMms df uepe3 3Ty NJIOMALKY IIPOXOAHT KOJHYe-
CTBO JKHIKOCTH, paBHOe uUpdwdt, Tle uy — NepeMeHHas BeJHYMHA CKO-
poctd. 3a BpeMst T uepe3 3Ty IJIOHMIAAKY MPOHIET OO6BEM KHUAKOCTH

T T
dW = (uydodt = do (uydt.
[ o

Torza s/ieMeHTapHBIA PAcXOi XKHAKOCTH 3a Bpema 7T, NpPOXOAsulei
uepes paccMaTtpHuBaeMyto HaMu IJoMajkKy, 6yneT paBeH
T
do\u,,dt
oo "
- T T :

CoOTBeTCTBEHHO OCpelHEeHHAasA MECTHAas CKOPOCTb ONPENeJIMTC KakK
T

guMdt
d
Docp = G2 = L. (209)

Ecau H3MepUTb MTHOBEHHbIE CKODOCTH (ym IPH HOMOLIH ClelHalb-
HBIX TOYHBIX l’LpHéOpOB W BbIYHCJIHTb OCPEAHEHHYID MECTHYIO CKO-
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pocts To 3aBucHMOCTH (209), TO MOXKHO yGemuThCS, YTO OCPEAHEHHast
MeCTHasi CKOPOCTb fIBJIIETCS NPAKTHYECKH MOCTOSIHHON U HanpasJeH-
HOH BJIOJIb TOTOKa. Ilo3TOMy notokw, Haxojsiuecss B TypGyJ€HTHOM
pexuMe JBHXKEHHs, MOXKHO paccMaTpHBaTh YCJOBHO TapaJsiiesbHO-
CTPYHHBIMH W TNIDUMEHATb K HHM ypaBHeHue bBepHyJnd.
Ha OcHOBaHMH De3yJ/IbTaTOB SKCIIEPHMEHTAJbHBIX HCCJENOBAHHH 1
TEOPETUYECKUX MNpeanosoxenui [Ipanprasa, Hukypanse n apyrux cuu-
TaeTcsl, YTO B NOTOKaX, HaXoAs-
Aarunarras nneHKa IHXCS B YCJOBUSAX TYpPOYyJeHT-
HOro pexuMma, Ha TpaHuuax Imo-
BepxXHocTell Tpyb, CTEHOK KaHa-
JOB U T. JI. IMeeTCs BecbMa TOH-
KHE CJIOH XHAKOCTH C JiaMUHap-
A a0 (o ; HbIM DeXHMOM JBHXEHHs, HA3bl-
MYPEYNEHITHO20 BaeMbll «1aMHHapHEIM». Octasb-
Hasl JK€ 4acTb MIOTOKA 3aHHMaercs
TaK Ha3blBaeMbIM «TYpOYJIeHTHBIM
anapom». OfHaKO B pe3yJbTate
nocsefHHX HecaefoBanuii [ A.
'ypkHeHKO O6BIJIO YCTaHOBJIEHO,
4TO JIAMHHApHBIH CJOH COCTOUT
U3 TOHKOH JIaMHHApHOH IlJIeHKH
H TEepexXoJHOH 30HBl OT JIaMHHap-

P IS

fepexolnas  sona HOr0 K TypOYyJIEHTHOMY PEeXHMY.
Puc. 95 Tomuuna ykasaHHOH JamHHap-
HOH NJIEHKH H3MepsieTcsl AOJISMH

MHJIIMETpa.

Tlepexonnas 30Ha, pacrnoJaramoHiascsi HeNoCpPeACTBEHHO 3a JiaMMu-
HAPHOH NJIEHKOH, NpejCcTaBjseT COGOI0 TaKXKe JOCTaTOYHO TOHKHIX
cJioil KupKocTH. JlaMuHapHas IJIeHKAa W TepeXojHasl 30Ha COCTaBJA-
10T TaK HasblBaeMBIH NOr'PAHWYHBIH CJIOH.

B cooTBeTCTBHH C BHILIEYKA3aHHBIMH IIPELINOJIOKEHHSIMH IIOTOK, Ha-
XOpsAmuiicss B TypOyJIEHTHOM peKuMe JABMIKEHHs, COCTOUT H3 JaMH-
HapHOH TJIEHKH, TepexofHo#l 30HBl W TypOyJaeHTHoro sapa (puc. 95).
OTMeueHHBIE OCOGEHHOCTH TYPOYJIGHTHOTO peXHMa [JBIDKEHHS JaJu
BO3MOKHOCTb TpPEJJIOKHUTb TEOPHIO NIOTePb 3HEepPriH, OCHOBAHHYIO HA
yuere KacaTeJbHbIX HaNpsiKeHHH, BO3HHUKAIOIUX B Mpoliecce INoNepey-
HOTO TepeMelleHNs] YacTHIl JABHXKylleHcss XHAKOCTH (10 paboTam
ITpanaras u Kapmana). Huke uanaraiooTcsi OCHOBBI 3TOH TEOPHH.

Brisenum B xupkoctd gBa ciaoss A u B (puc. 96), xoToprie ume-
10T TJIOAAb B3aUMHOTO CONMPHKOCHOBEHHSI S M OTHOCHTEJIBHYIO CKO-
pocTb JBHKeHHs1 cjoss A mo ciaowro B, paBHyio uas. B pesysbrare or-
HOCHTEJIbHOIO JBHKEHHs cJiosi A €O CKOPOCTBIO U 4 NO cJiolo B mex-
Jy HUMH BO3HUKaeT Hanps:KeHHe TPEHHs, paBHOe

du
Ty = }Ld—h .
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Kaxk y¥e 0TMeuaJoChb, KpOMe nepeMelleHns XKHUIKOCTH B HAllpaB-
JIeHHH o611ero ABHXKeHHS NMOTOKa IIPOUCXOOHUT MONepeyHoe NBU2KEHHE
YaCTHIl XKUAKOCTH OT cjod B k cioio A, T. . 06MeH KOJIHUeCTBaMH
JABHIKEHUSA MEXAY CJA0AMH, B pe3yJabTaTe HUero BO3HHKaAeT KacaTeJ/b-

Hasd CHJa.
HPEILHO.HO}KPIM, YTO CKOpPOCTb IIONEPEYHOro IMepeMelieHuss YaCTHIL

paBHa u,. Torjga 3a eNHHHIY BpeMeHH M3 cJjosi B B cJjoit A mepe-
MECTHTCS Macca XHJKOCTH pSus, UYTO

BBEI3OBET IOABJICHHE KacaTe.anoﬁ CH- /] uB
aw T e A
Bz )

T = PSuguA. F

Pt & — - SE——_ = C—————

KacartenbHoe HampsikeHHe (BHYTpeHHee
TPeHHe), o6yCJOBIHBaEMOe OGMEHOM KO- Puc. 96
JINYECTBA JBHKEHHS MEXIy CJIOSIMH, :

6yner paBHO
T  pSuguy
‘52 =§=_S—=pu8u.4'

B coorBerctBuu ¢ Teopuedt Ilpanaras
du du
Upg = klll (371) H U = kgll ([Til)}’

rie I, — paccrosiHHe Mexnay csosMu (puc. 96);
ki1 ky — K03((HLIHEHTH NPONOPIIHOHAJIBHOCTH.
CJieoBaTeJibHO,

d d du\? du)\?
o = phaly () ok () = otukel P (%) =2 (%), (@10

rje BeJIMUYMHA Vklkzlf =/ no npepaoxenuio IIpanntis Ha3Bana «mJu-
HOH NyTH MepeMeliHBaHHUSY.

TakuMm o6pa3oM, cyMMapHOe HamnpsiKeHHe TpPeHHSI B YCJOBHAX
TYpOYJ/IEHTHOTO peXHMa JBHIKeHHs IIOJydYaeT TAKOe BhbIpaXKEHHE:

d 2
1:11-]—122;»(1—;1‘-{—912(%‘1) . 21y

Kak nokasmplBaloT ONBITHBIE JAHHbIE, NEPBHIH 4jeH 3aBHcuMocTH (211),
BBIPA’KAIOLUUH BSISKOCTHOE TPEHHE, MaJ [0 CPABHEHHIO CO BTOPHIM, a
MOTOMY HpH TypOYJ/IEHTHOM pexkiMe IPEeHMYLIeCTBEHHOe 3HaueHHe HMe-
10T [OTEPH SHepPruH, BO3HHKAIOUIME B pe3y/bTare MepeMelliHBaHUs
YaCcTHIL.

OnHakKo BOCIIOJIb30BATLCS M3JI0XKEHHOH Bblllle Teopueill Ha HacTos-
niefl crajuu ee paspabOTKH KpalHe 3aTPYIHHTENBbHO B CHJY HeEOIpe-
NIeJIEHHOCTH MHOTHX BEJMYMH, BXOJfILUX B 3aBHCHMOCTH, NOJIy4aeMble
Ha OCHOBaHWHM 3TOf Teopud. B uacTHOCTH, BecbMa HeOmpereJeHHON
BEJIMUHHOHN fBJSETCS NJMHA NYTH NepeMellNBaHHs. TeM He MeHee 3a-
BHcuMocTh (211) JaeT BO3MO:KHOCTb IOJYYHTb MPHOJMIKEHHOE aHaJIH-
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THYECKOE pellleHHe 3a7ayd O pachpeje/eHHH CKOPOCTeH IO KHBOMY
CCUeHHIO KPYTJIOH TpPYOHI.

Pacniperesnenne ckopocTell MO KHBOMY CeYeHHIO TPYOBI B yCJOBHSIX
TypOyJeHTHOrO pexuMa [BHKEHHS H3y4eHO TOJbKO 3KCIepHMeHTaJb-
HO; BCJIEJICTBHE CJIOXKHOCTH IIPOIECCOB, IPOMCXOAALIMX B IIOTOKe, TOY-
HOrO aHaJINTHYeCKOro peuieHuss 10 cux nop Her. OmnbitamMu ycTaHOB-
JICHO, 4TO:

1) ckopocTn Ha NOBEPXHOCTH CTEHKH PaBHBE!I HYJIIO BCJIEICTBHE MpH-
JIMTIAHUA K HeH 4YacTHIl
KHJIKOCTH;

P 7 2) Ha BecbMa MaJsioM
paccTossHUM OT TIOBEpX-
HOCTH CTEHKH CKODOCTH
MOTYT [OCTHraTh 3HauH-

f TeJIbHOH BEJIMUMHBI, MaJio
,SY : - oTJiHyalomeiics OT 3Ha-
W YeHHH cKopocTell B ApYy-
MAKC
THX TOYKax XKHBOTO ce-
YeHHS;
777 7777 I T 3) B TOYKax >XHUBOTO

CeyeHHs TMOTOKa, OoJiee
YAaJieHHbIX OT IOBEepX-

Puc. 97 HOCTH CTE€HKH, CKOpPOCTH
BO3pacTaloT  MeJJIeHHee
(puc. 97).

YecnosHo npuuse ponymenuwe JI. Ilpanptis o JuHeHHOH cBsAsH
MEXJy IJMHOIO NMYTH MNepeMellWBaHHsA ! M pACCTOSHHEM OT CTeHKH /,
T. e. | = kh, u ucnonbays saBucumoctH (210) u (211), Moxxem Hamu-

caThb

2
T =1, = pk2h? (?i%) ,
3 du
‘/— =k g
1 t dh
du = + I/:—-/—l- . (212)

Ilasi obsiacTH TIOTOKa OKOJIO CTEHKH NnepEeMEHHoe KacaTesJbHOe Hamnps-
XKeHHe TPEeHHsA T MOXHO 3aMEHHTb IIOCTOSIHHBIM HANPAXKEHHEM TPEHHS

Ha cTeHKe t,. Torna
1 o dh
du—k—]/; T (213)

HJIK

o

OTKyIa
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T
Benuunna p—“ HMeeT pa3MepHOCTb CKOPOCTH

T k2 - mt
[1/“39:' B ‘/"tzl'cercej-daelc2 Ln/cex].

/7
[lostomy BeIpaxeHHe -® B TrHIpABJUKE MOJYYHJIO HAaHUMEHOBAHHE
P

«IHHAMHYECKOH CKOPOCTH» HJIH «CKOPOCTH Cpe3sa» Hu o6o3Hayaerca ye-

pes u,.
/s BBISICHEHHs! CBSI3H, CYLIECTBYIOUWEH MeXJAy BeJIHYHHOH CKO-
pOCTH cpe3a H IIOTepsSIMH 3HEPTHH, BOCHOJIb3yeMCsl OCHOBHBIM YpaBHe-

HHEM paBHOMepHOro nsuKeHHs (193)

o
74 RJ.

Has gpyrao#i TpyOH pajauyca r MOXeM 3anucarb
<, =&y

Torna

l//ﬁg” éﬁ._yngR. (214)

IlpounrerpupoBas zm@-:pepeﬁunanbﬂoe ypaBHeHue (213), mosmyuum
u:%hh+0 (215)

CrenoBatesiblio, B NOTOKe, HAXOASLIEMCS B YCJOBHSIX TypOYyJEHTHOrC
pexuMa, CKOPOCTH Y CTeHKH H3MEHSIOTCS IO JIorapH(MHUYECKOMY 3a-
KOHY.
3apucumocth (215) BeIBefieHa sl 06/14CTH NIOTOKA, IBUXKYIIETOCsS
OKOJIO CTEHKH TpYyObl. EctecTBeHHO, 4T0 BO3HMKJIO CTpPEMJIEHHE pac-
HOPOCTPAHHUTbL 3TY 3aBHCHMOCTb Ha BeCh MOTOK B IIEJIOM,

Ha ocHoBanun onbitoB Hukypanse oGBIYHO CUHTAIOT, YTO KO3(-
(unwent k2 njs TpyO HMeeT NOCTCSIHHOe 3HayeHHe u paBeH k£ = 0,40
L7 BCero 3KUBOIO ceyeHHsl TpyObl. OfHAaKO, KaK IIOKa3ajH OIbITEL
®. A. IleBenepal, s310T KO3(GHIHEHT He SABJSETCH 1 CTOAHHBIM H,
B YACTHOCTH, 3aBHCHT OT Auamerpa TpyGer. Bmecte ¢ Tem, mis moJiyye-
HUSl NpUOMMKEHHBIX pellleHHii MOXXHO NpHHATh £ = const= 0,40. [lo-
3TOMy, obpamasich K 3aBHCHMOCTH (215), ompenesyM NOCTOSIHHYIO HH-
TerpupoBaHust C M3 TOrO VCJIOBHS, YTO IIPH A =71 CKOPOCTb B TpyoOe
IOCTHTaeT HauGOJIbLIero 3HAYEHHS H PaBHA Umake. CJIELOBATENBHO,

u
Uyave = X Inr 4 C,
HJIH

i, Inr
-

C = Upakec —

‘¢, A llesener Hcermenosaune GCHOBHEIX THAPABIHY9ECKHX 3aKOHOMEDHO-
crell TypOyJ/IeHTHOrO jaeHzKeHHst B Tpybax. loccrpofimzmar, 1953
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TMoxcTaBuM monyyeHHoe Bhipaxenue s C B 3aBHCHMOCTB (215):

u,lnr
k

u=?lnh+uua“c— =uuaxc+l‘;—*(lnh—lnr)

Y, HAKOHeEI,

Uyage — U

Us

1 r
—zlnf. (216)

IpunsB &£ = 0,4 u nepexois K JecATHYHBIM Jorapudmam, NOJyYHM

Upake — 4 r
HJIK OKOHYaTeJIbHO
U = thyaxe — 5,750, In . (218)

Tonbaysice opHOBpeMeHHO dopmyJamu (214), (215) u (218), moxHO
ONpeJeNisiTh MeCTHble CKOPOCTH B pa3jIMUHBIX TOYKAX JKHBOIO CEUEHHS
TPY6Hl M CTPOMTHL 3MIOPHl CcKopoctelf. [lpumep TaKoH S3MIOpPHl  JJif
KpyrJol TpyOel npencraBjeH Ha puc. 97.

§ 37. MOHSATHUE O FJAJKHX W HWIEPOXOBATBIX TPYBAX

IIpenmnosioxkuM, 4TO NMOTOK, HAaXOASINMHCS B TYPOYJEHTHOM pexXuMe
JIBUXKEHHS], JBHXKETCS 1o Tpy6e, BHICTYNHE ILIEPOXOBATOCTH KOTOPOH
uMeror pasmep A. Ecau samuHapHasi nJjieHKa, OGBOJIaKMBaowlas Bbl-
CTYyNBl  [HEPOXOBATOCTH, MOJHOCTBIO HX IepeKphlBaeT, Kak 370,

Oon >4 }

Puc. 98

HalpHUMep, TOKasaHo Ha pHc. 98, T0 mnorep Hamopa He GyayT
3aBHCETb OT CTEMeHH IIepOXOBATOCTH CTEHOK TPYGbl: B  3TOM
cJiydae KHIKOCTb CKOJIb3HT IO JIAMHHAPHOM IJIEHKE TOJIIUHON 8p; H
HMeeT MEeCTO TPeHHe JKHIKOCTH O XKHIKOCTb.

Ecsu xe BICTYNB IIEPOXOBATOCTH GOJIBLIE TOJILIMHBI JIAMHHAPHOH
nneHkH (puc. 99), To notepu Hamopa OYyAYT B 3HAYMTEJbHOH CTENEHH
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3aBHCETh OT LIEPOXOBATOCTH CTEHOK, TaK KaK B 3TOM CJyyae TpeHHe
JKHJKOCTH IPOHCXOAHUT O IIePOXOBATYIO NOBEPXHOCTb, HE GIJIAXKEHH YIO
IJIeHKOH. B CcOOTBETCTBHMM C 3THM pasjHYaloT JBe KaTerOpHH CTEHOK
TpyO: raagkue (8p; > A) M mepoxoBathble (3qx < A). Ilpu 3TOM HEOG-
XOJHMO OTMETHTb, YTO TOHSITHE «IJIAJKOi» CTEHKH SBJSETCS OTHOCH-
TeJbHBIM, TaK KakK TOJIIMHA JJAMHHApHOH INJIEHKH 3aBHCHT OT YHCJA
Re, yMeHbmasch ¢ ero yBeJHYeHHEM.

YCTaHOBHM 3aBHCHMOCTb, CBSI3BIBAIONIYI0 TOJIIMHY JaMHHAPHOM
IVIEHKH Oy, C uucioM Re. I'pammeHT CKOpoCTH B mpefgenax JIaMHHap-
HOH IJIEHKH, Yy4HUThIBas ee
Masyo TOJNUHHY M HalM- ,M <A
gye HYyJEeBOH CKOPOCTH Ha

CTEHKe, MOXHO ONpeJeJHTh \ A A - \ _
3aBHCHMOCTBIO (5',,,, \\ \\ \\\ _14_

du _ “nn
an T,

Torpa BenMuyHHA Hampsxe-
HHsl TPeHHUS Ha CTeHKe Tpy-

Obl Puc. 99

ull.}l

Ty = P —
0 Pann

P azpenum MnoJlyueHHOE ypaBHEHHE Ha 3HA4YE€HHE IIJIOTHOCTH p.

To P'ul‘lu ul‘ll]
e ==V 3_ ’
P POun e
HJIM
u
wl=vz" (219)

TakuM 0oGp a3oM, TOJILKHA JAMHHADHOH IJIEHKH paBHA

ul’IJl

Brm =V 7 )
*
HJau
Dot _ hn (220)
v o ot

Ha ocuHosauun onwitoB Huxypajpse npuHHMaercsi, 4TO BbIpaxKeHHe
U
S22 — N paa raagkux Tpy0 ecTb BeJMUMHA [OCTOSIHHAast M paBHas

N
N = 10,47. Torga TtosuuHa JaMHHAapHOH NJIEHKH OyJeT paBHa
vN 10,47v

Oy = — =
an Uy u*

. (221
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Brine GBlJIO yCTAaHOBJIGHO, YTO «JHHAMHUYECKas CKOPOCTb» CBfI3aHA
C THAPaBJMYECKHM PaJHycOM H YKJOHOM 3aBHCHMOCTbIO (214)

uy = VIR = V2,

eCIM THAPABIMUECKHH paluyc BbIPA3HTb Yepes jpuamerp TpyOHl d.
C z1pyro#i CTOpOHBI, THIpABJIMYECKHH YKJOH J MOXKer ObIThb Ompeje-
JieH 1o cootHoueHuo (208)

Aot

J=5.
d 2g

IToacTaBuB 3TO 3HAUEHHE B 3aBHCHMOCTDL (214), MOJYYHM OKOHY&TEJib-
HOe BbIpa)KeHWe [JI «JHHAaMHYECKOH CKOpPOCTH»

1y /gdi? v]/T o
=5V =5V 5 (222)

CuyieioBaTesibHO, 3aBHCHMOCTH (221) Moxer CbiThb 3amucaHa Teliepb
B TakKOM BIIJIE!
104722 30y

Oy = A . 223
i 2] vﬂ (223)
Re v d
Tak kak U= TO == o
HOSTOMy OKOHUYAaTeJIbHO HMeeM
30d 60r
8n.rl': Re]ff = ReV—X . (224)

Wrak, ToJIIHHA JAMHHADHOH IJIEHKH IPSIMO MpPOIOPLHOHAIbHA
panuycy TpyOl, o6paTHO NPOMOpIIMOHAJBHA Yucay Re u KBagpar-
HOMY KODHIO M3 KO3((dHIHEHTa CONPOTHBJEHHS A.

§ 38. OMPEJAEJIEHUE NOTEPb HATMIOPA B TPYBAX NPU TYPBYJIEHTHOM
PE)XMME JABHW)KEHU S

V13 mpenplAyllero H3JOXKeHHs CcJAelyeT, 4YTO IOTepH 3Hepruu (Ha-
nopa) NpH ABHXKEHHHM KHUJKOCTH KakK B TJaiKHX, Tak H B LIEPOXO-
BaThX Tpy6ax B cJyyae JIaMHHapHOTO peKHUMa IBHXKEHHS IPOMOp-
IHOHAJbHBEl TEPBOH CTENeHH CKOPOCTH, a B cJaydae TypOyJeHTHOro
pexuMa — KBaapaTy ckopoctd. Ilpu sToM crenyer uMeTb B BHLY,
YTO KBaPaTHUHBIA 3aKOH CONPOTHUBJIEHHI JJ151 IIePOXOBATEIX TPY6 cnpa-
BCJJUB TOJIbKO [Js1 BIOJHe TypOYJIeHTHOTO peXHMa, IIOI KOTODBIM
NIOHMMAaEeTCH JBHXKEHKe NpH NCJHOM paspylleHHH JaMHHADHOH MJICHKH.

B nepexonHoii 30He, a Take B YCJOBHAX TYPOYJEHTHOI'O DEXU-
Ma TpPH YacTHYHO CYLIECTBYIOMIeH JlaMMHapHOH IJieHKe II0KasaTeJb.
CTENICHH IIPH CKOPOCTH U HU3MeHseTcss B mnpefenax oT n = 1,0 no
n =2,0.

B kaxnoM uacTHOM cJyyae BeJIMYHHA A ONPEAEJSETCS ONBITHBIM
nytem. Kosdbunuent conpotuBaeHus raajkux Tpyd HaXOmAT IO 3MIH-
pHUYECKHM 3aBHCHMOCTSM Buja A = f(Re). s motoxoB, xapakrepu-
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syeMbix uucaamMu Re or 2320 mo 100000, npumeHsieTcsi Takasi 3aBH-

CHMOCTD:
0,3i64
Aeg = ReT'% . (225)
I1. H. KonakoemiM npennoxena GoJee ofmas ¢opmyaa, obsiactb
NpUMEHEeHHs1 KOTOPOHY He OrpaHHWYMBaeTCsl BeJMUYHHOH uucsaa Re:

1
~ (I8 1gRe—15)%"

Hakonen, moxer CbiTb Hucnosb3oBaHa (opmysa npod. [. K. ®u-
JIOHEHKO

- (226)

0,55
Aen = 1& , (227)

8

Jamiasi NpakTHYeCKH OJHMHAaKOBble pe3yJbTaThl ¢ dpopmydon I1. H. Ko-
HakoBa. Ilpu pacuere noTepp Ha TpeHHEe IO JJIHHE HAMOPHOTO TPY-
GornpoBoja ¢ HcnoJsb3oBaHueM Qopmyabl Hapen (208) xoadduuneHt A
HauGoJiee TOYHO M yRo6HO omnperensth no rpaduky BTH, xotopeli
CCCTaBJieH B pe3yJibTaTe OOpaGOTKH ONBITHBIX [AHHBIX, NOJYYEeHHBIX
IpH HCCJeOBaHWM TPYO C Pas3/IMYHON TeXHHYECKOH ILepOXOBATOCTHIO
M pas3JHuHbIX uMcJjax PefiHosbnaca.

Ins onmpenenenusi notepb Hamopa B IIEPOXOBATBIX TpyGax Hamu-
meM CJeAVIomylo OOILyI0 3aBUCHMOCTb IJisl BIIOJHE TYpOyJeHTHOro
pexuMa:

T, = pgbv?, (228)
rie BeJMYHHA b MOXeT paccMaTpPHEAaTbCA KaK HEKOTOPHH K0o3bdH-
IMeHT NPONOPLHOHAJBHOCTH, ONpeleJisieMblll ONBITHBIM NyTeM.

C Zpyroil CTOPOHBEI. HampspKeHHEe CHJIBI TPeHHs! Ha CTEHKe MOXEeT
GbITh ONpeJIeJIeEO U3 OCHOBHOIO ypaBHEHHSl PAaBHOMEPHOIO IBHIKEHHs
corJjiacHo paBeHcTBY (193)

T, = pgRJ.

Torma, npupaBHsie 3aBucuMoctd (228) m (193), moxkeM Hamucath

pgbv® = pgRJ,

v = V—Tg V'RI.

T

O6osnauue |/ — = C, noJy4yuM OKOHYaTe/IbHOE BbIpa:KEHHE IJIst Cpell-
o

Heil CKODOCTH TeUCHHs] NpPH PABHOMEPHOM JBMXKEHHH

v=CVRIJ. (229)

3aBucumocth (229) B ruipaBJsMKe HOCHT HasBaHue GopmyJsl lle-
3H; OHA CJIyXKHT IJifi OIpeJieJieHus cpeiHeidl CKODOCTH TeueHHs HpHU
paBHOMEDHOM JIBHIKEHHH XHAKOCTH B Tpy€aX, KaHa/Jax W ecTecTBeH-
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HpIX pycJqax. Ilpu ucnosbsoBanun gopMyasl (229) B npakTHYeCKHX
pacueTtax HeOOGXOIHMO onpefiesiuTh Ko3bpHuueHT C, 17 4ero cymie-
CTBYIOT CIel[HaJibHble pacyeTHble (GOPMYJIbI, GOJIBIIMHCTBO KOTODPBIX SIB-
asieTcst (OpPMYJIaMH SMITHPUYECKHMH.

[Tpod. A. A. CaGaHeeB! mpu NOMOMIH MeTOJa pasMepHOCTell ycTa-
HOBHJI Ty TEOpPETHYECKYI0 CTPYKTYpPY, KOTOpPOH JoJuKHa o06Jajnarthb
cdopMyaa mias koappuumenta C. HcesnepoBaHHe noOKasasno, 4YTO H3
BCeX CYIIECTBYIOUIHX SMIHPHYECKHX (OpMyJs HauboJiee IpaBHJIbHOH
CTPYKTYpoH obsanaer ¢opmysa akax. H. H. IlaBnosckoro:

C=1ry, (230)

Tle n — KO3(p(dHUIHEHT IIEepOXOBATOCTH, XapaKTepPHU3YIOMMH [IepOoXo-
BAaTOCTb CTEHKM TPYyObl HJIH pyCJa;
R — rujpaBauyecKui pamHyc,
Yy — NepeMeHHBbIH MOKasaTeJb CTeleHH, paBHBIH

y=25Vn—0,13—0,75V R (Vn —0,10).

@®opmyna (230), ocHOBaHHasi Ha 3HAYHTEJBHOM OIBITHOM MATEPH-
aje W OTJHYAIOILASACS B TO XKe BpeMsl HanboJiee NpPaBHJLHOH TeOpe-
THYECKOH CTPYKTYpPOH, XOpPOLIO IOATBepK AaeTcst Ha npakTuke. ITostomy
B HacTosllllee BpeMsl OHA CYMTAeTCsl OCHOBHOH IIpH pacuerax Tpyo
H KaHaJIoOB, HaXOJSUIMXCA B YCJOBHUSIX BIIOJIHE TYpPOYJIEHTHOTO pe-
xuma asuxenusi. H. H. IlaBjoBckui cuMTaeT BO3MOXXHBIM HCIOJb-
3oBaHue Qopmyant (230) B mpegmesax 0,1 #== R =3,0 » u 0,011 <
< n < 0,040.

Kpome dopmyns (230) H. H. [laBnoBckoro, uupoKoe mpHUMeHe-
Hue HawJu ¢opmysa MaHHuHra

C=—R" (231)
n ¢opmyna dopxreiimepa
C=-LRwu, 232)

B KOTODPBIX IIOKasaTesb CTENEHH Yy SIBJISETCS MOCTOSSHHBIM H COOTBET-
CTBEHHO DaBHBIM y =1/ U y = 1/;. B cuny storo ¢opmyssr MaHHHH-
ra 1 QopxreiiMepa HeCKO/bKO IpOlle NPH pacyerax IO CPABHEHHIO
¢ ¢opmyJoi (230).

Hasi pacuera Tpy6 peKOMeHAayercsi NpHUMeHeHHe Ko3(hdHIHEHTOB
IIePOXOBaTOCTH, NpHBEJEHHBIX B Taba. 6.

! Tlpop. poktop TexH. Hayk A. A. CaGaHneeB. YuusepcaiabHas opmy-
Ja pas kospuuuenrta Llesn. Hssecrus BHUMI, r. XXXII, 1948.
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Ta6nuuab
TaGimua 3HaueHHi KospduUHEHTAa WWEPOXOBATOCTH n Mjisf TpYO

CocTosiHHE CTEHOK TPY6 W XapaKTepHbiE YCJIOBHS 1
3KCIUIyaTalHH P

Hogble uyrynHble, METaJIHueCKHe M TOHYapHEIE TPY-
bl Mpu Xopolueil yKJajKe H COGJHHEHHH . . . . . . 0,011 90,9
BojonpoBoagHeie TPyOel B HOPMAaJIbHBIX yc.nosuﬂx
SKCIJIyaTanuH, OeTOHHme TPyObl B OYEHb XopoiieM
COCTOSHHH . . « « + & & « &0 o » c e e e 0,012 83,3
Heckosbko 3arpsi3HeHHHE BOILOHpOBO}IHbIe pr6m,
KJenaHbie CTaJbHble CIIHpaJbHble TPYOR B OU€Hb XOpO-
wemM COCTOSIHHH, OeTOHHEBIe prﬁbl B XOpoOIleM Co-

CTOTHMH .+ ¢ « v & o« o v o o o o v v u s o« ... 0,013 76,9
3arpsisHeHHBIe BO}.'[Ol'lpOBO,lIHble TPYORI . . . . . . . 0,014 714
Kaenansie CTajJbHBE COHPaJbHBE TPYObl B CPeIHHX

YCJIOBHSIX SKCIAyaTalWH . . . . . e e e e e 0,015 66,7
BeroHuble TPyOH B IIIOXOM cocTostHHH . . . . . . 0,016 62,5
KJenanbie cTajpHEE COHpajbHbE TPYOH B CPEIHHX

YC/IOBHAX SKCIIYATAUHH . « o « o o o o o « o o . . 0,017 58,

B nocJienHee BpeMsi psSiIOM aBTOPOB COCTABJIEHH TaGJMIbI 3HAYE-
Huil Kosdpguurenta C, nopcuutaHHex 1o ¢opmyne H. H. Ilasnos-
CKOro, /s PasjHYHBIX KO3()(PHLHEHTOB ILIEPOXOBATOCTH H THIPABJIH-
YecKHX pajuycoB R,

Hcnonways ¢opmyay Ilesu (230), MoXHO INOJyYHTb JBe Tak
HasbIBAEMBIE «BOJIONPOBOAHBIEY (DOPMYJbI, IPUMEHSIOMHeCs NPH THJ-
paBJIMYECKOM pacuere KPYIJbIX HanmopHbeIX Tpy6. O6o3HauuB yepes L
IJAUHY Tpy6Hl, mnpeictaBuM ¢opmyay Illesn caenyromum o6pasoM:

v=ch=cl/R'I’§”.

Lv?  4Lv?
hw = gom = i - (233)

CreoBaTesibHO,

Pasgenus B (233) uyucauTenp W 3HaMeHaTesqb Ha 2g, MOJYYHM OKOH-
yaTesIbHO (POopMyJsy, KoTopasi MOxeT ObiTh Ha3BaHa NepBOK BOJIONPO-
BoAHOH (hopmysofi (dopmyna apen):
_ 8glv® L o® ,
hw = Cogag = T 3 (233')
rie Kos(h@HIHeHT CONPOTHBJEHHS

8¢
=7

! Cm., nanpumep, A. A. YruHuyc. KaHaiau H coopyxkeHus Ha HuX. [oc-
ctpoiinsgar, M., 1953, crp. 356—367.
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Onpenensisi C mo ¢epmyne akan. H. H. Tlassosckoro, mosyumnm
8gn*

-

SameHnM B 3aBHcHMOCTH (233) CKOPOCTb U Yepe3
Q

U=$-,

rae Q@ — pacxop KHUIKOCTH, NPOXOASIIUI dYepes Tpy6y;
md*®
® = —— — TJIOMajb KUBOrO CeueHus: TPYyOHI.
Torpa nonyuum dopmysy, Koropasi Moxer GbITb HasBaHa BTODO# BO-
IONPOBORHOH (hOpMYJIOii:

O LQr 64LQ: Q
hw~c2 d C?«nzaa'—a[‘ 7 (234)
T
3JeChb
64 64n?
@ =g = T )27 - (235)
4

Insa ynpowenusi BbUHC/IeHH# mno Qopmysaam (233") u (234 nas
CTaHJAPTHHIX JHAMeTPOB TPYO cOCTaBJ/ieHbl TAaGJHLbI 3HAUYEHHH KO3(-
¢uumentoB A =f,(d) ¥ a =f; (d) npu pasIHYHBIX KO3(PPHUIHEHTAX
IIepOXOBATOCTH A C IpHMeHeHueMm moJiHOH ¢opmyasl H. H. Ilasncs-
ckoro (230). B kauectBe mpuMepa B NPHJOXKEHHH | NpUBEIEHbI 3HA-
yeHHst KC3(D@HUIHEHTOB A H a npu KoahdHINeHTe LePOXOBATOCTH N =
= 0,012,

Pacuer HanopHbIX HeTENPOBOJOB W KEPOCHHONPOBONOB IPOHM3BO-
autca no gopmyse axaxy. B. I, Illyxosa, koropwiii eme B 1885 r.
BIIEPBBIE PELLHJI BONPOC O ABHIKEHHH OYeHb BA3KHX KHAKOCTeH. Popmy-
na IllyxoBa Moxer GbiTh NOJyYeHA cJaepylowum oGpasoM. Ha ocHo-
BaHUH 3aBHCHUMOCTH (228) pacXxoJ KHUAKOCTH ONpeNesHTIcs BblpakeHHeM

Q =owv :mCVp_j—n_fi_f‘V_

Tak kax )~=%‘%, TO C=[£;‘g.
Torpa

Q=TEyz. (236)
O6osHauns

PV, (237)



nonyuum usBecTHyio dopmyay B. T'. Ilyxosa
Q=mV dsl, (238)
rie m — Ko3hdHUIHeHT pacxoja, OnpeleseMblil ONbITHBIM NyTeM.
Ha ocHoBaHMM MHOTOYHCJEHHBIX HccJefoBaHui akax. B. I. Iy-

XOBBIM OBbIJIM TIOJyueHbl cJjefylomue Ko3(hdMIHEHTH pacxoja m AJs
PasNMUHBIX BfA3KHX Xujaxkocted npu f = 6,25°C:

Bug ®XHJIKOCTH m
Magyr .. ... ... 486
BakuHckas HepTh . . . . 184
Kepocur . . . . . . . . 230
KpomMe toro, mpu pacuere He(bTElIPOBOJOB NPHMEHSIOTCS Takue Ghop-

My JIbL:
nasa raankux Tpy6 (mpum Re < 100 000) wmcnonbayercs d¢opmyana

Baasuyca

=52 (239)
VRe
I/ 4HCTOH mapaMHHCTOH He(hTH — 3aBHCHMOCTb
1,7
)‘=0’0“1ﬁ‘ (240)

[MpuBenennbie Bhie GopMmysl (228), (233') u (234) ana pacuera
LLIEPOXOBAThIX TPYG CIpPaBeNJMBH, KaK YK€ yKasblBaJOCh BHIIIE, TOJb-
KO IJsi BIOJHE TYpOYJEHTHOro pexuma. B cBf3H ¢ 3THM Ha OcHo-
BaHMM pe3yJbTaToB HabumoneHuil, npousBefeHHBlXx @. A. IllesesieBbiM
(Bozreo) Ha MocKOBCKOM BOJOIPOBOJiE, GBIJIO YCTAHOBJIEHO, UTO BIIOJIHE
TYpOYJIEHTHBI!I peXKHUM TIIPAKTHYECKH MOXKET HMeTb MeCTO TOJIbKO
B Tpy6ax cpaBHHTEJIbHO HeGOMbIINX AHaMeTpoB (He 6osee 500—600 ma)
UM B Tpy6ax, o6najaromuXx 3HAYHTEJbHOH WEPOXOBATOCTHIO.

Ha6mozenust Han motepsiMH Hanopa B TpyOax GOJBLUINX pasMepoB
OXBaTHIBAJIH 3HAUWTEJNbHBIH AManasoH auamerpoB (600—1200 mm) kak
YYTYHHBIX, TaK W cTajpHBIX TpyO. IIpH 3TOM HccrenoBasich HOBhIE
TPpY6hl M TPYObl, ObBIIMe B 3KcIayartanud OGojee 15 ser. B peayiib-
TaTe THX HCCJENOBAHHH YCTaHOBJEHO, 4TO TPYOB! GOMBIIHX IHaMeT-
pOB paloTaloT NpeHMYLIECTBEHHO B IepeXOfHOH 06/jacTH B CHJIy Ma-
JIOCTH HX OTHOCHTeJBHOH IepoXoBaToCTH. IJO3TOMY KBajpaTHUHHIH
33aKOH CONpPOTHBJIEHHS] B GOJbIIHX Tpy6ax OyJeT COOTBETCTBOBATDH
TOJIBKO TPy6aM cO 3HAYHTENBHOI I1epPOXOBATOCTHIO.

B peaynbrare e6paGoTKi SKCIepUMEHTAbHOTO Martepuania IJis Iie-
pexonHoil oGnactt @. A. IlleBeseB peKOMEHIYeT NMOJIb30BATHCH TAKOM
¢opmy.oii:

2
i =0,001735 -5 £, (241)

rae k — MonpaBOYHbIA KO3(P(QHLHEHT, 3aBHUCALIHH OT CpegHeH CKo-
poctH u.
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3HayeHHss 3TOTO TOMPABOYHOrO KO3POHUMEHTa IS  CTaJibHbIX
H YYTYHHBIX TpYO NpPHBOAATCS B NpuJoxKeHHu 1.

Hakonen, csiexyer yxasaTh, YTO B IOCJIEHEe BpeMsi HAMETHJECH
TeHJCHIHUS K BBEJEHHIO B pacyeTHble (GOPMYJbl LS KeadpuuueHta
COMPOTHBJIEHUs] A 3HAUEHUH BbICOTHl BBLICTYNOB IIEPOXOBATOCTH A
(puc. 98) Bmecto koahbdunueHra mepoxoBatoctH n. IlomgoGHas 3ame-
Ha MO3BOJIsieT HCMOJIb30BAaTh BMECTO KOx(h(HUUEHTa II1epoXOBaTOCTH 11
«abCOJIIOTHYIO» LIEPOXOBATOCTD, ONPEIeNIAEM IO BLICOTOH BHICTYIIOB A M M.

B cBs3u ¢ 3TUM 3HAUMTENbHBIH NPAKTHYECKUH HHTEPEC NPEACTaB-
JIAIOT COBMECTHBIe HccJefoBaHHSI MocKoBckoro HehTSHOro HHCTHTYTA

e ~ P ~ .
- R i R o U

YBepyverue: 20pusonmanspoe 55° ; Bepmunansmoe 78"

Puc. 100

u lleHTpasbHOrO a3pOTHAPONMHAMHYECKOTO HHCTHTYTa IIO ONpejese-
HHIO BeJHYHHBI a6coJioTHO mepoxoBatocTd A. Tak, nanpumep, ycra-
HOBJICHO, YTO I HOBBIX CTaJIbHHIX TPYO, H3rOTOBJICHHBIX Ha 3&BO-
nax CCCP, semuumna A = 0,05 um. [Ias merasminueckux TpyOG, ObIB-
HIMX B yHNoTpeGJieHHH, pPEKOMeHAyeTcs INpPHHHMAaTh BeAHUHHY A =
= 0,2 mm. Kpaiine uHTEpecHO#l siBJseTCs 3aBHCHUMOCTb, YCTaHAaBJIII-
Balolasl CBA3b MexXJy KO3(h(OHIHEHTOM IIEPOXOBATOCTH 7 U abCoJIoT-
HOH LIEpOXOBATOCTBIO A, KoTopasi BIepBble Obyia MpelsioxeHa

npod. B. I'. I'onyapoBbM:
A%? .
n =15 (242)

Tosnuee npod. B. I'. Jlo6auer HeCKONBKO YTOUHMJ 3TY 3aBHCHMOCTB,
NOJIYYHB TaKyl0 ¢GopMyJy:

6
no20,0395)A . (243)

B kauectBe mnpuMepa HeGe3BIHTEPECHO IPUBECTH NPOdUIOrpaMMy
a6CoOMIIOTHOH LIePOXOBAaTOCTH BHYTPEHHEH IOBEPXHOCTH UYTYHHOI
Tpy6u (puc. 100), monyueHHyi0 IpM NMOMOWIM CHELHAIBbHOTO (GOTOIPO-
¢usorpaga B rUAPOTEXHHYECKOH JaGopaTOpHH «YKpBoareo» (Xapb-
KoB). B 3Tofi sMaGopaTopuy BBEINOJIHEHB! OOIIMPHBIE HCCJENOBAHUS 1O
onpefieJIeHHI0 aGCOJIIOTHOM 1IEPOXOBATOCTH TPYO M3 pPasjHYHOTO Ma-
TepHaja, a TakKXe GETOHHBIX NOBEPXHOCTEH OTKPHITHIX IIOTOKOB.

B zakmouenne mpuBOAMM 3KCIIEpHMeHTajbHble (HOPMYJIbI, TpHME-
HSIOIMIKeCcs /Il pacyeTa HeMeTasJInuecKHX TpYO:

a) nas acGoueMeHTHBIX TpyS (popmyna @. A. Illepesesa):

i = 0,000561 - 19( 1+ 35‘) 0,19 (244)
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6) nas pepeBstHHBIX TPYG (dopmyna CroGes):

0,01738 ,

A= 0024017 * (245)

Mpumep 19. Tlo TpyGonpoBOmy M3 UYYTyHHBIX TPYO JAHaMETPOM

300 mm u nyuuoit L = 1200 # npoxonut Bojaa; pacxon ee Q = 85 a/cex.

OrnpenenuTe NOTepH Hamopa B Tpy6omposoje. Tak Kak pacxox BO-

o6l Q m nmamerp TpyOnl d M3BeCTHB, TO IJIsl ONpeJeJieHHd IOTepb
Hanopa BOCMOJb3yeMcsl BTOPOH BOXONpPOBOAHOH dopmysnoit (234):

2

hw == aL 2{5. .
[o taGauie, nomelleHHoH B mpusoxeHuH I, masg kosdouuMeHTa mie-
poxoBatoctd n = 0,012 u nmamerpa d = 0,300 naxogum a = 0,00193:

0,00193 - 1200 - 0,0852
0,35

he = = 6,87 m.

§ 39. NOTEPYU 3HEPTUU B OBJIACTH MECTHbIX COMPOTHUBJIEHWH

Briile HaMH OblIM PacCMOTpPEHBI NOTEPH SHepruu (Hamopa) Mo JJH-
He MoToKa. Kpome 3THX noTtepb, HaGJIONAIOTCH TAKKe MECTHBIE NOTEpH
SHEprHH, BHI3bIBaeMble TAK Ha3blBaeMBIMH MECTHBIMH COIPOTHBJIEHHSIMH.
MecTHbIE CONMPOTHBJIEHHS — 3TO BCSKOIO pOJa H3MEHEHHs! XKHBOTO ce-
YeHHs UM KOHOHI'ypDalMH MOTOKa (KOrja IpOHCXOJHT pe3Koe H3Me-
HeHHe BeJIMYHH U HaNpasJIeHHH ero cKopoctelf), T. €. paclIHpeHHe
UM CyXeHHe IOTOKa, HOBODOTHI, NpENsATCTBHS B BHAe AHadparm,
KPaHOB, 3afBUXEK H T. I.

B 30He MeCTHBIX CONPOTHBJIEHHH NMPOHCXOAHUT OOTEKaHHE MeCTHBIX
NpensATCTBHA ¢ 00pasoBaHHEM BOJOBOPOTHHIX SOH H HHTEHCHBHBIM
O6MEHOM YaCTHIIAMH JXHJKOCTH OCHOBHOTO TMOTOKa M 3THX 30H. JTO
U SIBJISIETCS OCHOBHBIM HCTOUHHKOM MECTHBIX MOTepb SHepruH. MHo-
TOYHCJ/ICHHBIMH OINBITAMH YCTAHOBJIEHO, YTO MeCTHble NOTepH MOILYH-
HAI0TCA OOEMY 3aKOHY IOTepb SHepruH, GyIy4H IpH TypOyJEeHTHOM
pexXuMe IBHKEHHsl NPONOPIHOHAJNbHBI KBaJpaTy CKOPOCTH, a B YCJO-
BUAX JIAMHHApDHOTO peXHMa IIPONOPIMOHAIbHE CKOPOCTH CTENeHH
n < 2. MecrHple noTepH 3HepPrHH Npu TYpOYJIEHTHOM peXHME IBH-
JKEHHS ONpeJesiloTcs No dopmydse

02
th = —2127 > (246)

rae U — 6e3pasMepHBIi KO3(GhHUHEHT, HasbiBaeMbl KO3(DpUIIMEHTOM
MECTHOIO COMNPOTHBJIEHHS] M ONpENEJSeMBIHl ONBITHBIM NMYTEM I/ KaxK-
JOro BHIA CONPOTHBJIEHHH.

PaccmoTpuM OfMH M3 CJy4aeB MECTHBIX TOTepb SHEPTHH, a HMEH-
HO, BHE3dlHOe paclIMpeHHe MNOoToKa. B stoM ciayuae ko3ddHLIHEHT
CONPOTHBJICHHS] MOXKHO OIpPENEe/JHTb TEOPETHUECKH, YTO MPECTaBJSIET
HECOMHEHHbI HHTEpPEC C TOYKH 3DEHHS YCTAHOBJEHHS €ro MpPHPOXHL.
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st 3TOTO B IOTOKe, HBHXKYLIEMCS B OGJAcTH BHE3aMHOIO paciid-
peHus, pPaCCMOTPHUM OTCEK XKHJKOCTH MeXkA1y cevenusiMi A—A u B—B,
B398 ceueHne B—B B To#l o6sacTy, rie NMOTOK pafoTaer MOJIHBIM Ce-
YeHHEM W Te [aBJeHHe MOXKHO IPHHHMATh CJENYIOUIUM THAPOCTATH-
qgeckoMmy 3akony (puc. 101). O6o3HauuM: ®; U w,; — MJIOLIANH XKUBBI X
CeueHWH TOTOKA JO M TOCJe PacUIMpeHHsl, U; H Uy — CPEJHHE CKO-
POCTH B XKUBBIX CEUEHHSIX, p; M pP» — NaBJCHHA B LEHTPAX THKeCTH
HUBBIX CEUEHHH ©; H 0.

[Mpennosioxxum, 4to 3a Bpemsi df orcek AABB mnepeMecturcs
B HOBOe nojoxenue A'A’'B’B’. BcnenctBue HeC:KHMaeMOCTH MKHIKO-
ctH obvemel AAA'A’ u BBB'B’
paBHBl MeXIy co60Hf M Moryt
ObiThb BbIpaxKeHbl Kak Qdf, rme
Q — pacxox MXUJAKOCTH, IBUXKY-
Ieica yepe3 OTCeK.

[TpuMeHUM B paccmatpHBae-
MOM CJydYae 3aKOH H3MeHeHHsI
KoJH4ecTBa JBHXKeHUs. [lpumem
332 ocb TpOEKUHH OChb MOTOKA
§—S8 (puc. 101). Onpepenum
H3MeHeHHe KOJIHYeCTBa JIBHKe-
HHSl B HCCJIELyeMOM HaMH OTCeKe.

Puc. 101 OHO paBHO pa3sHOCTH KOJIHYECTB

IBHXKeHHA B oOwvemax BBB'B’

un AAA’A’ (o6bem A’A’BB Kak Gbl ocTajcsi Ha Mecre, H e€ro Ko-

JIMYECTBO JBHMIKeHHs1 He uaMeHHTcs). OGo3Hauus uepe3 Kyps u Ko
KOJIMUeCTBA JBHIKEHHH B YKa3aHHBIX OGBEMAaxX, MOXKHO 3aMHCATh:

Koa = mayv, = p Voyu, = pQdte,v,;
Ksp = mayvy = pV o0, = pQdiasv,.

TOFlIa HU3MEeHeHHEe KOJHUYeCTBa JIBHXKEHHA 6y}le’r paBHO
AKy = Kop — Koa = pQ (2205 — o,0,)dE.

Tak Kak 3a ocb NpPOEKUHH Mbl BbIOpadH OCb ABHMKEHHS, TO H3-
MeHeHMe KOJIHYecTBa JBHXKEHHH CIIPOEKTHpYeTCsl B HaTypasbHYIO
BeJIMUMHY (CKOpOCTH MNapaJiesbHbl OocH mpoexkuuit). Ilpenebperas cu-
JIaMH TpeHHsl Ha CTeHKe H yYHThbIBas, YTO NPOEKUHS HMIYJbCa CHJbI
TAJKECTH Ha TOPH3OHTANILHYIO OChb OYyIeT paBHa HYJIO, yCTaHaBJH-
BaeM, YTO B BLIpa)X€HHe HMIYJbCa BOHAYT TOJBKO CHJIB JaBJIeHHS
P, = w,p; u Py = —wyp, B cevennsix AA u BB. Tak kak pnasJe-
HHe HalpaBJeHO HOPMAJbHO K IJIOMANSM KHMBBHIX CeYeHHH, TO X HM-
NyJbchl TaKXKe CIPOEKTHPYIOTCA HAa OChb INPOEKUMH B HATypasbHYIO
Be/MyHHy. TakuM o6pasoM, MOXKHO 3alHCaThb

AK, = P,df + Pyt

HJH
pQ (®oUp — 6 U1) dt = wap dt — wypadt.
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Pasnenus sto ypaBHenue Ha pgQdf u mpuHAB @ = a, = 1,0,
M0JIyYHM

Yp— U1 __OoPy_ ®ePe o Ve U PP =i(ﬂ_£g)
& PgQ  pgQ’ g pPgUz  PEU: pg  eg
CriefioBateibHO,
U2 (e —01) _P1__ P2 (247)
g T pg pg
[Tpu6asum k neBoft M npasoft yacTu ypaBHeHHs (247) pasHOCTH CKO-
2 2
v —v
POCTHBIX HamNoOpOB ‘2g =3
2 2 2 2
v sy p v P2>
R 2 R 1 1 21 P2
2 + 2g g ( + > <2g + g/’
HJIH
2 2
(v — v9)° . <Ua P1 (U Dz) 247
2 % ' g 2g - rg (@47)

3aMeHHM B JIeBOH 4YacTH 3aBHCHMOCTH (247) CKOpOCTb v, =%02:
1
9 UZ 02 ) v‘z 2 2
ﬁ) Ve % ( - Py 24 P2
(wl 2¢ " 2g ey g <2g + pg) <2g + Pg> ’

20;[(@2)2 “Q(Z‘f) + 1] ;g[ff - 1]2 = (;;#;’—;) —(;54-%). (248)

IlpaBas wacte 3aBucuMmocTH (248) mpu yuere, 4r0 2, = 25 =0, mpen-
cTaBaseT cofOf pasHOCTh MNOJHBLIX YAENbHBIX 3SHEPrHil MeXAy cede-
Husimu AA u BB. Torpa

W

® 2”%
= (L _1] 2
hy = (m] 1) o7 (249)
rJie BhIpAaXKeHHe B CKOOKAaX — KOI(PQPUIHUEHT COMPOTUBJEHHA IJIA CJly-
yasi BHE3aIIHOTO paCIIMpeHHUs:
2
o)
to. p = (w_l — ) . (250)
Takum o6pasoM, sHauenue KO3(pGHUHEHTa CONPOTHBICHUS (p p ONpE-
JIeJIEHO TeOpeTHYEeCKHM NyTeM H NOJTBepXKJeHa IIPONOPIHOHAJbHOCTh
MECTHEIX NOTepb HpU NPHHATHIX YCJOBHSX KBalpaTy CKOPOCTH JBHU-
JKEHUSI TOTOKA.
Cnenyer OTMETHTb, YTO JeHCTBUTEJbHbIE I[OTEPH SHEPTHH IPH
BHE3a[THOM pacCUIMpEHHN TOTOKa HEeCKOJbKO OOJbllie MOACYHTAHHBIX
no dopmyne (250). TlosaToMy B TeopeTnueckyio ¢opmyay (250) peko-
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MeHJyeTCd BBOJHTb IIONPABOYHLIH KO3(MUIHEHT £, OmpenesseMEIH
ONBITHEIM ITyTeM:
2

by = L, p;—;. 251

Ko3dduuneHTs CONPOTHBI/CHHS, YUHTHIBAIOU[HE IPYTrHe BHABI MeCT-
HEIX TOTepb (BHE3aImHOE CYyXXeHHe, MOBOPOTHI, AuadparMbl ¥ T. 1.),
He MOr'yT ObITh ONpefie/IeHbl TEeOPEeTHYECKH, KaK 3TO GbLIO MOKa3aHO
BHIIE JJs CJydasi BHE3amHOro pacuupeHusi. I[lo3ToMy yKasaHHbe
Ko3(pduIMeHTs I APYTHX BHJOB MeCTHBIX CONPOTHBJIEHHH yCTaHaB-
JIUBAIOTCS] TOJILKO OIBITHBIM IIYTEM.

B mpunoxenun [II npuBepmens! 3HaueHust 3THX KO3 (DDHIUEHTOB
IS PasJHYHBIX CJy4YaeB JBMKEHHUS KULKICTH B TPYOONpPOBOAAX.
Tlpu sTOM HYXHO MMeTb B BHAY, YTO KO3D(DHIHEHTH MECTHBIX COIPO-
THBJIEHH, €CJIM 3TO CIeIHAJ/bHO He OrOBapHBAaeTcsi, OTHOCSTCS K Cpej-
Hell CKODOCTH, YCTaHaBJIMBAIOMICHCS 33 MECTHBHIMH COMpPOTHBJIEHHSIMH.

OxcnepumentanbHeiM nyteM H. 3. PpeHkeseM ycTaHOBJEHO, YTO
MeCTHBIE TIOTEDH SHEPTHH B YCJOBHSAX JAMUHAPHOI'O peXKHUMa JBHKEHHsI
TIPONOPIMOHAJILHEL CKOPOCTH B CTelMeHH n <2, B 3aBHCUMOCTH OT
CTeNeHH HapYIIeHUs JIAMHHApHOIO peXuMa B 06/IacTH MECTHOrO CO-
TIPOTHBJIEHHS.

Tlpu 3TOM KO3(HIHEHT MECTHOrO CONPOTHBJIEHHSI B3aBHCHT OT
yucia Re. B 3THX caydadx, Korja JiaMHHapHBIA pPeXHM HE Hapy-
maercs, INOTepH SHEPrHM IIPONOPLUHOHANBHEI CKOPOCTH B CTENEHH
n <2, a K03(hUIMeHT CONPOTHBJICHH MOXeT ObITh BbIpaxkeH ¢op-
MyJOH BHJA

L= (252)

rjie B — moctosiHHEI KO3(D(UIHEHT, 3aBUCAIIMA OT THIIA MECTHOTO
COIPOTHBJICHHUSA.

Ecanu B pesysbrate BO3JeHCTBIS MECTHOIO CONPOTHBJIEHHS Hapy-
[aeTcsl YCTOHUMBHI JIAMMHADHBIH peXHM IIOTOKA, TO NMOTEPH IHEprHH
NPOMOPIHOHAJBHEl CKOPOCTH B cTemeHH s = 1,73, a koadduiueHT
CONPOTHBJICHHS CTAHOBHUTCA DPaBHBIM

C
L= W . (253)
B sak/oueHwe MNpHBEAeM [aHHbBE JJS ONpPEJeJNeHHs] MeCTHHIX
noreph npu IBHKeHHH HedTH. Ha ocHOBaHMHM MccJIeROBaHHMH THApaB-
JUYeCcKOH JaGopatopun «AsHepTekoMOHHATa» IMOJydYeHa CJelyroLasi
oGo6uieHHass ¢opMysa AJiA ONpefeJieHHs] MECTHBIX II0Tepb:

A
Caetr = pragss (254)
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Ta6auna 7
3HaueHns BeauuHHBl A, XapakTepusylomedi MeCTHBIE CONPOTHBJCHHS !

Bup MecTHOro compoTHBJEHHS A

OTBOZL H BXOL B TPYOY . « = « = « = v ¢ v v v u o - 9,6
TpOHHHKPIyI‘OJIbHHK................. 19,0
Bentusb OTKpBITBIA . . . . . . . . e e e e e 24,0
Xpanok ¢ OTKPHITHIM OGpaTHEIM KJIaﬂaHOM PN 57,0
3aIBHKKA OTKPHITASL « + « o o« o o = o o = o « o & 35

§ 40. KO39PUIIMEHT CONMPOTUBJIEHUSI CUCTEMbI

Ecnu na tpyGonmpoBoze HMeeTcsi psii MECTHBIX CONPOTHBJIEHHR
(samBMXKH, KOJIeHa, 3aKpyrJeHus, nHadparmMbl U T. X.), XapakTepH-
sytomuxcsi KoauimentaMu conpotussenust Gy, (a2, C3...,C0n TO
IJ1s y4acTKa TpyOOIpOBOAA C INOCTOSIHHBIM pacxojoM ofmHe MOTepH
SHEPTUH HA IPEOJIoJieHHe MECTHBIX COMpPOTHBJEHH{I MOryT OBHITb Hal-
IeHbl TPOCTBIM CYMMHPOBAaHHEM OTJEJBHEIX BHIOB MECTHHIX IIOTEpb,
€CJIM NMOTOK HAa NPSIMBIX YyYacTKaX TPyGOHmpoBoJa MeXAYy COCeXHHMH
MECTHBIMU CONPOTHBJICHUAMH SBJIETCS CTAGH/IM3HPOBAHHEIM, XapaKTe-
PH3YIOIIUMCSl HOPMAJIbHOH 3MIOPOH CKOpOCTel.

Opennosioxum, uto TpyGONpoBoj AJMHHOH L HMeeT NOCTOSIHHBIH
nunamerp d w pacxon xujakocth Q. Ha TtpyGompoBonme umeercs n
MECTHBIX CONPOTHBJIEHHH. ¥ CTaHOBUB 3HAueHHs] KO3(D(DUIHEHTOB MECT-
HBIX compoTHBJeHu#t (;, Cq, Cs,. ';’C"' MOKHO TOJCYHTAaTb MECTHBIE

0
NOTepH 3HeprHH, 3Hasi 3HAuUeHHe 5% Kpome Ttoro, neo6xoxumo omnpe-

JeJMTh TI0TEpH MO JJHHe TPYGOMpoBOjAa M3 3aBHCHMOCTH

L v?
hw= .C_l-ﬂ'
Torpa
02
hwl=C12—g
2
hw,=C2g—G
A (255)
02
hw,,=crz'2_g
L v?
Ay =N = —
@ d 2

!Tpop. K. A, Muxaftamos uw A. U. Boromoaos. Tlunpasimka,
THAPOJIOTHS, THapoMerpus. [opuspar, M., 1950, crp. 181.
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CJI0HMB JIeBBe W TIpaBble 9aCTH CHCTeMBl ypaBHeHHil (255), mosyuum
CyMMY IIOTepb 3HepPTHMH Ha Tpy6GomnpoBoje AJMHHOH L:

L\ v
zhw=(c1+c2+...+cn+x7)2§. (256)
BripaxkeHne B ckoOkax, IpefcraBJsioumiee co50fi CyMMy BceX KO3(h-
GMUMEHTOB MeCTHHIX CONpPOTHBJIEHHH, BKJ/IOuasi Ko3hdHIHeHT A,
XapaKTepH3YIOIHHA IIOTEPH SHEPTHH IO JJIHHe, HasblBaetca Ko3pou-
2 IIHEHTOM CONPOTHBJICHHS] CHCTEMBI:

CCHCT=C1+C2+-..+CH+)\‘%. (257)
CiieioBaTeIbHO,
v2
Z:hw = Ccnc-; §§ . (258)

B saksoyeHHe OTMeTHM, YTO H3JIOXKeH-
HBlfi BBIIlE TPUHIOHUN HAJOXEHHS  TOTepb
(apudmeTnyeckoe CyMMHpOBaHHE IIOTepb),
KaK yXe OTMeYasoch, CIpPaBelJIiB TOJBKO
I cTaOHJH3HpOBaBIIMXCA NOTOKOB. [lo
HMEOIUMCA B HacTosilliee BpeMsi, IpaBjia,
HEJJOCTAaTOYHO TOJIHBIM,  JaHHBIM  JJIMHY
yyacTKa CcTaGUJIM3HpOBaBUIerocss  IIOTOKA
MOXKHO NpHHMMAaTh B mpenesax oT 20 jo
50d. Tlpu HeoGxomuMoCTH NOJIyueHHsI GoJiee
TOYHBIX JAHHBIX O TOTepPsAX Hamnopa cJjejxyer

Puc. 102 NPOBOJHTb  CHeNHaJbHBE  JabopaTOpHbIE

HCCJIeIOBaHHsl. ITO HeOOXOJAMMO IOTOMY,

9T0 yYaCTOK C HecTaGHJ/IM3HPOBABUIMMCH TOTOKOM caM To cebe

ABJIAETCS MCTOYHHKOM JIOMOJIHHTEJbHBIX IIOTEPb SHEPTUM, YTO H yBe-
JIMUHBAeT OOI(He MOTEPH SHEPTHHU.

Mpumep 20. OnpenesuTh BHICOTY YCTAHOBKH OCH IEHTPOGEXKHOIO
Hacoca HaJ YPOBHeM BOJBI B KoJiOxue hy, ecau BaKyyM B Hacoce

pBaK
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p ' 090 w—

00' e}

—— — —

772727777707 7777777777777

e
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= 4,5 m600. cm. (puc. 102). Huamerp tpyGsl d = 150 mm, njuHa

'rpy6m =150 m, pacxon Bojpl, IepekauwBaeMmoil HacocoM, Q =
=16 a/cex. Tlpum 3TOM 1O COOTBETCTBYIOMIMM TaGJHIAM YCTAHOBJICHBI
cjejyone Ko3(p@UIHEHTH MECTHbIX CONPOTHBJIEHMH: JIJSI CeTKH C
OOpaTHBIM  KJIaMaHOM — (xpan = 6,0, 1 moBopora — (aaxp = 0,20.
MspecTen Takxe KoadduuHeHT comporHBieHns mo amauHe A = 0,03.
Hanumem ypasrenue Bepuysu Mﬂ ceyenuit 1 —1 u 2 —2,

—~ +r)’g. +huh

HJH
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2
— Poax %202 5 %2 Prax 5
ha = g 2 Moo= og (az + 20).
Onpene MM CKOPOCTE:
4.0,016
0 = 2 s =311 o15 = 091 M/cex.
T
CaenoBaresibHoO,
B = 4,5 — 2099‘81(1 +64+0240 03015) = 4,07 a.

Takum o06pasoMm, 1eHTPOGeXKHBIH Hacoc NOJKeH OBITh pacHoJOXeH
HaJ YpPOBHEM BOJHl B KoOJIOJUEe Ha BhicoTe He Cosee 4,07 m.

I ras6a wecmas
T'MAPABJIMYECKUA PACYET TPYBOITIPOBOJOB

I'mppaBmuueckuii pacuer TpyGONPOBOJOB NPOU3BOAMUTCA C LEJBIO
ompejiesieHMsl TreOMETPHYECKHX pasMepoB TpPyGONpOBOZAa, MpeJHA3HA-
YeHHOro JiJIs NPOIYCKa ONpelNesIeHHOrO pacxoja KHUAKOCTH, WM C
LeJbl0  YCTAHOBJIEHHs] THAPABJUYECKUX XapakKTepHUCTHK TpyGompo-
BOJa — MOTepPb Hanopa M NpPONMYCKaeMOro pacxofia — IPH H3BECTHBIX
pasmepax ero.

Ilpu ruapaBanyeckoM pacuere TPYGONPOBOLOB B 3aBHCHMOCTH OT
UX IJMHBL U THIPABJHYECKHX YCJOBHUH pacyeTa pas/MyaioT ABa THIIA
TpyOONPOBOLOB: KOPOTKHE H JJIMHHEIE,

Kopomxumu mpybonposodamu Haseiearomes mpybonpoeodel cpasHu-
meabHO HebOAbUIOL OALLHbL, 8 KOMOPbIX MeCcmHble NOMmepu HAnopa s8-
A10mca O0CMAMOYHO CYULECBEHHbIMU, cocmasass He Metee 5 — 10%
nomepe Hanopa no Oaune. IlpuMepaMH KOPOTKHUX TpyOGOIPOBOJIOB
MOTYT CJYKHTb BCAacChIBAaIOMasi JIMHUS [eHTPOOeXKHOro Hacoca, GeH30-
npoBoJ, NOJAIIMH KHAKOE TOMJIMBO H3 GeH3o6aka B KapGiooparop,
MacJIONPOBOJEl B CHCTEMax HNPHHYIUTENbHOH CMa3KH aBTOTPAKTOPHBIX
JBHUTATeJed U T. I.

Haunnoinu  mpybonposodamu Haseisaromes mpybonposodst, umero-
ujie 3HAUUMENbHYI0 NPOMANCEHHOCTb, 8 KOMOPLIX NOomepu Hanopa no
Oaune A6AIOMCA OCHOBHbIMY. B IJMHHBIX TPyGOmp BOZAX MeCTHbIE
NOTepH OOLIYHO CIIElHAaJIbHO He BBIYUCJ/ISIOTCH, a TNPHHUMAIOTCS pas-
HeMn 5—10% notepp mo aauHe. IlpuMepamu IJMHHBIX TP yGompo-
BOJIOB MOTYT CJYXKHTb TpPYGOIPOBOJBL, CJy:KallHe JJis TPAHCIOPTH-
poBaHHs He(hTeNpOAYKTOB Ha 3HAUHTeJbHBIE DAacCTOsiHHS, TPy6Gomnpo-
BOJIBI BOJONPOBOJAHLEIX CeTed H T. X.

B saBucuMOCTH OT THIpaB/HYecKOd cxeMbl paGoTHl TpyGompo-
BOIbI pasje]sioTcsi HAa MNpPOCTHe, He HMEIOUIHe OTBETBJICHHH
(puc. 103 a n 6), ¥ CJAOKHBIE—C OTBETBJCHHUSMH HJH COCTOSIIHE
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M3 HeCKOJIbKUX JMHUA (puc. 103 B u r). Pasnnuaor Takke Ty nu-
KO B Bl € TpyOOIIPOBOJIbI, 1O KOTOPHIM XM IKOCTh IOJA€TCsi B OJHOM Ha-
npaBJieHHH, ¥ 3aMKHYTH e (KOJbLUEBbE), MO KOTOPbIM 3KHJIKOCTb

B 3aJaHHYI0 TOYKY MOXKET
nojaBarbCs II0 ABYM HJH

Ao a 8 %Y 6oJiee JIMHUAM. 3aMKHYThHIE
Q— e Tpy6ONpOBOb! ABJIAIOTCA
& 6osiee HaJeXHBIMH B pabo-
J d d Te, obecnieyuBasi, B YacTHO-
4 L 2 3_o8 cru, OecnepeGoiiHOE BOJO-
cHaGxKeHHe IIpH IIOBpexJie-
2 HHH OTJEJbHBIX JIUHHH HJH
=% 8 IPOU3BOJCTBE  PEMOHTHBIX
d d d”“ d pabor. Hakonen, TpyGo-

Ao s ==, —8 6
a A& % e OpoBOABI MOTYT OHITH C
N " X NG £ TPaH3HUTHBIM PaCXOJOM XKHJ-
4 V3 KOCTH, KOrjla OH IO Bcel
)~ 14 6 -
4 2 22 IJuEe Tpy6onpoBona ocra
Aoyt B—a, NS 4 :
— 1 & Jg===—8 ©€1Cs NOCTOSHHBIM, I C IIyTe
d, BbIM — KOTla 1O NyTH MHpO-
HCXOJHUT pasdfiaya KHAKOCTH
u pacxoz Tpy6onposoja sB-

Puc. 103

JIFAETCA NIePEMEHHBIM.

§ 41. OCHOBbI FH/IPABJIMYECKOrO PACYETA JJIMHHBIX
TPYBOIPOBOJIOB

I'mapaBmvyeckuit pacyer TpyGoOnpoBOfOB NpH TYpOyJeHTHOM
pexume ABHIKCHUSA

Jns ruppaBivyeckoro pacuera TpyGONPOBOXOB HpH TypOYJeHT-
HOM peXXHMe JBHJXKEHHsS MCHOJIb3YIOTCs YypaBHeHHme bepnysmn (182)

4 dopmyasl (232') u (234):

L o2
hy = 712_g H hy=

LQ2
g

PaccMOTpuM yCJIOBHSI yYCTAHOBHBIIETOCSl JBHKEHHS KHAKOCTH IO
TpyGonpoBoAy, cOoelMHsIomeMy nBa pesepByapa A u B. Ilpumem

3a IJIOCKOCTb CPaBHEHHs IJIOCKOCTb O —
[IOBEPXHOCTbIO TOPH30HTAJbHO YJOXKEHHOro TPyOONmpoBoOJa.

O, cOBNaJaLIy0 C HUKHEN
Hanu-

meM ypaBHeHue bepnysnm pns cewenuii | — /[ u Il — I, coBnapato-
I{HX C YPOBHSIMH KHJAKOCTH B pe3epByapax A u B (puc. 104):

pa’l‘

a+t oy + =zt
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Tlpu 3HaAuMTENIBHBIX TJIOMANSX JKHUBHIX CEYEeHHH pe3epBYapoB CKO-

a202 GIUI
POCTH B 3THX CEUeHHsX OyAyT MaJjbl, a PasHOCTb —— —

2g 28
Ka K nymo. Torna

6J113-

2y —2s = H = hy. (259)

CienioBaTe IbHO, Pa3HOCTb YPOBHe#l [, CylecTBymomasi MEXAY ABYMs
pesepByapamH, NOJIHOCTBIO pPacXOAyercss Ha INpeoJoJieHHEe COHNPOTHB-
JeHHH B TPyOGONpOBOJE.

| %
VA Gl [‘/ '“""'"'""‘"T
S, H
Z A R % %
i} L 2 - -
{4 2
01 [ ) ) “La
1§<—Z—-—cZ
Puc. 104

Hannmiem ypaBHeHue BepHyJiH OTHOCHTENBHO MJIOCKOCTH CpaBHe-
Huga O — O pusa cevennst | — [ u 1]——11:

R

i

b, — Lr—Ps 260
@ 0g (260)
TakuM o6pa3oM, pas3HOCTb MNbe30METPHYECKHX HAlopoB B JABYX
CCUYCHHUSX pacxo,uyeTCﬂ Ha IIpeoJoJieHHe COHpOTI/IBJleHHﬁ, HMEIUX
MECTO IIDH JBHXKEHHH KHJIKOCTH HA yqacme prﬁOl‘IpOBOILa Mexmy

sTUMH cedeHusMu. [as TpyGonpoBoza OMpefie/eHHOTO  IuaMeTpa
a
l'IpH 3aJaHHOM pacxone Q Bblpamenne d €CTb BeJIMUHHa IIOCTOAH-

Hast. Torga
he =L L AL (261)
=5

Jo=P—"P _ 4
P ogL

CJIelIOBaTEJIbHO, B TOM CJiy4yae, KOrja MeCTHhIE IIOTEpH MOXKHO HE
Y4YHTBIBaTb, H3MCHEHHE JaBJIEHUsI 10 JJHHE préonpoaona noa4u-
HsACTCA JII/IHEﬁHOMY 3aKOHY, a HbGSOMeTpI/ILIECKPIﬁ YKJIOH BJISIETCSA
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nocrosinHeiM. TlosToMy mhe3omeTpuyecKass JMHHMS B IAHHOM CJaydae
TpeJcTaB/sieT COGOH MPSMYIO JIMHHIO, COeJHHSIOMYI0 YPOBHH CBOGOI-
HOH TOBEpXHOCTH KHJKOCTH B pesepByapax A M B B Toukax, coor-
BETCTBYIOMMX (IO BepTHKAJH) MecTaM HpPHCOeIMHEHHs TPYyOONpoBOJa.

Ecau mpoctoii Tpy6onpoBOJ COCTOMT U3 TPYO pasHBIX JHaMETpOB,
TO H B 3TOM CJiydae BCSI Pa3HOCTb HAalopa 3aTpauMBaercss Ha Ipeojo-
JIeHHe CONpOTHBJEHHs JIBHKeHHI0. Ho o6mue norepu A, = H pac-
npenessioTcsl HepaBHOMEPHO IO JJIMHe TpyCGOIpOBOAa, a Mbe3OMeTpH-
ueckasl JIMHUSI IpeicTaBisieT coboii JiomMaHyio JuHHO. s onpene-
JIEHHs IOTepb 3SHEpPrWu (Hamopa) Ha OTHeJBHBIX y4acTKax Tpyo, a
TakKe B JPYIHX THIPABIHYECKHX pacueraX TpyOGOIpPOBOLOB, LIMPOKO
HCIOJb3yercsl NOHSATHE O NPOMYCKHOH CHOCOGHOCTH HJIM O PACXONHOH
XapaktepHcTHKe Tpy6. Pacxox xuAKOCTH IpH PaBHOMEPHOM [BHXKEHUH
omnpegessieTcs no gopmysie

Q=0oCV RJ, unu l%_ = oCV'R.

Hns TpyOel moctosiHHOro ceueHuss o, C U R — BeJIMYUHBEI IIOCTOSIH-
Hele. Torza BesMuMHA

—V-Q_7. = oC V_I—é = K
TaKke siBJsieTcsi nocrosHHod. OHa HasblBaeTcsi PacXOXHOI XapakTe-
PHCTHKOH:
K=oCVR
WM K=o VQ:? . (262)
Torna
Q=KVIJ. (262"

Tak kak ykjaoH J — uucjgo Ge3pasmMepHOe, TO pacXojHas Xapakre-
puctuka K noJXKHa MMeTb PasMepHOCTb pacxoja KHAKOcTH. K3 ypas-
HeHus (262’) cienyer, 4TO pacxoiHas XapaKTePUCTHKA IIpeJCTaBJisieT
co6oli pacxo] KHMJAKOCTH B TpyGe 3aflaHHOro auaMeTpa INpH THAPaB-
JINYECKOM YKJIOHE, DPaBHOM eJUHHIe.
Ecnn pacxogHYIO XapakTepHCTHKY BBIpasuTb uepe3 IHaMeTp
TPYOLL:
-  wd? d 1 ,
K=(DCVR=T zgR},
TO, TMOMHs, YTO IOKa3aTteJb cTeneHH B ¢opmyse akan. H. H. Ilas-
JIOBCKOTO 3aBHCHT OT THJPaBJIHYECKOro pajauyca H Ko3bhbHLHeHTa
LIEPOXOBATOCTH, YCTaHaBJMBaeM, HTO

y=/[(n, R) nm y=f(n, d).

Takum oGpasom, 3akJjouyaeM, YTo Ipd n = const pacxojHas Xapak-
TEPUCTHKA SBJSAETCA TOJNbKO (yHKIMEH Juamerpa TpyObl:

K = fz(d).
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B npunoxennu I nmpuBeneHsl 3HaueHusi BenmuuHbl K 14s HawuGoJee
ynoTpeOHTebHBIX CTaHIApTHBIX AuHaMerpoB 1py6. Ilpu atom moka-
3ateJb CTeNeHU y Onpefesics 1o nosnHoi dopmyse akaa. H. H. Ilas-
JIOBCKOTO IIpH Koa(dunuente mepoxoBatoctd n = 0,012, B stoM xe
NPHJIOXKEHHH JaHbl 3HAUeHHs BeJHYHHBI

KOTOpble TaKKe HecOXOIMMbl NpH THAPaBJHYECKHX pacyerax Tpyoo-
IPOBOJIOB.

Hakonern, obpamasch K panee HoJyueHHOH ¢opmydie (234), BBeaeM
B Hee BHPAXKERHE Ml pacxogHo#l XapakrtepucTukd K.

By
Tak kak hw_al‘dg , TO —L-=J—a35 . Torna
s _ Q*
a T’
HJIIH
5
K2=2 (263)

a

INoncraBuB saBucuMocTh (263) BO BTOpYIO BOIOMPOBOZHYIO (opMy.y,

MOJTYYUM \
fo Lf?, , (264)

b 17
g

Q=K l/ s (265)
TpumenuM saBHcHMOCTb (264) K pacuery mpocToro Tpy6GompoBona
¢ TOC/IefloBaTeNIbHEIM coefliHeHneM Tpy6 (puc. 105). duamerpnt Tpy6
U JUIMHBEL OTAEJBHBIX Y4YacTKOB H3BecTHbl. CrefloBaTesIbHO, MBI MOXKEM
ompeneJHuTb UX pacXoiHble XapakTepHCTHKH. COCTaBUM JIJIs1 KaXJOro

yyacTKa paBeHCTBa:
he o=@, LQ* . 4 15Q%
w,"‘KtlZ’ wz—KZ» w.—sz

rie Hw,, hw,, Hw, — NOTEpH SHEPTHH IO IJHHE Ha ydacTke TpyGompo-

Boga ¢ AJMHaMH [;, Iy U lg, muamerpamu dy, ds ¥ dz U PACXONHBIMH

xapaktepuctukamu K,, Ka, Kz OOwpe NotepH 3SHEPTHH IO JJIHHE

TpyGOmpoBoia paBHBI CyMMe [IOT€ph SHEPIrHMH Ha OTHEJNBHBEIX €ro

yuacTKax:

hw = hw1 + hW2 + hwa,
le‘

HIH
L50%,

K2’
— 02 1_1 _’2_ L

N _110

+ar
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OTKyJa

Q= LG V hy. (266)
K2 + + k2

O603HauuB TNOCTOSIHHYIO BEJHYHHY, XapaKTepH3YIOULylo MpONYyCKHYIO
CNOCOGHOCTb JI@HHOTO TpyGOMPOBOZa, uYepes

1
P= I,

M+W+

I -
i N VR

{.d | @
0 |=—=——F=—T=———
[
—+4 [
Puc. 105
OKOHYATeJIbHO IIOJYYUM
Q="PV ha, (267)
HJIHU
_Q
he =% (268)

MecTHble nOTEpH HEPIMH 3JleCh He YUMTHIBAIOTCS, TaK Kak Mbl pac-
cMaATpUBaeM JIJIHHHbE TPYGONpOBOALL.

s mocTpoeHUs] Nbe30OMETPUUYECKOH JIMHUM B paccMaTpUBaeMoM
TpyGonpoBoZe HEOOXOAMMO BBLIUHCJIUTb 3HAueHUsl TOTEPb SHEPTHH
hey Aw, ¥ hy, ¥ OTJIOXKHMTL HX B COOTBETCTBYIOINIEM MaciuTabe Ha
ueprexke. I[lbesomerpuueckas JIMHHS INpeACTaBJsieT coOGOH JiOMaHylo
JINHHIO, COCTOSIIIYI0 M3  OTA@JBHBIX HpPSAMOJIMHEHHBIX  YUYacTKOB
(puc. 105). B KoHeuHOM CeyeHHH 2'rpy60np01ao;1a [0KasaHa BeJMYHHA

asv

3¥3
OCTAaTOYHOI'o Hamopa, paBHOTO —2? U HeoOXOIHUMOTO NJs npeoaoJieHus

noTeph SHEPrHH Ha BEIXOAE M3 TPYObL.
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Haxkonen, ecsau 6bl morpe€oBajioch Ha Ibe30METPHYECKOH JIMHHH
NoxKasath 3HAYeHHs MECTHBIX IOTepb, TO B MecTaX H3MeHeHHs [Ha-
MeTpOB NOSBHJNChH Obl BepTHKAaJibHHIE OTPe3KH, IO BeJHYHHe DaBHbIE
CyMMe MeCTHHIX IIOTepb B JaHHOH TOUKe.

I'mppasanyeckuil pacyer TpyGONpOBOJOB MOXKET OHITh IIPOH3BEJEH
TaKXKe IO METONY «9KBHBAJICHTHBIX» IOTePb Hamopa. JTOT MeTOX 3a-
KJoyaeTcss B TOM, 4TO TPYOGONPOBOJ, COCTOSIIMH H3 y4acTKOB C pas-
HBEIMH JYaMeTpaMH, YCJOBHO 3aMeHsieTcsi TPYOOIPOBOAOM C IOCTOSIH-
HBIM JHaMeTpoM, NOTePH Hamopa B KOTOPOM paBHBI (3KBHBaJIEHTHBHI)
NOTepH Hamnopa B JEHCTBHUTEJbHOM TPYGOIPOBOJE.

IIpvMeHUM 3TOT METOZ K pacueTy HpOCTOro TpyGomnmpoBoja, H300-
paxenHoro Ha puc. 105. OGo3nayuM uyepe3 ds H Q, JHaMeTp H KO3p-
(HLHEHT CONPOTHBJEHHS! BO BTOPOH BOJOIPOBOJAHOH (popmyJie, COOT-
BETCTBYIOIIME «IKBHBAJEHTHOMY» TPYCOIpPOBOAY H «3KBHBAJICHTIBIMY
norepssm Hanopa. Torza

2 1Q2
P NN S T
lQ“‘
—zat—_Q2Za¢d5r

HJIN

a, 1 2 L
55'=T<a1 = +a. g-l-.u-l—ai;i?_,)- (269)

Bce BesuMHBI, BXOAsIHEe B NpaByIO 4acTb 3aBucuMoctH (269), mms
IaHHOro TPyGOIpOBOJA SIBJASIOTCS NMOCTOSTHHBIMH M H3BeCTHbIMH. I103-
TOMYy MBI MOXKEM OGO3HAauHTb Yepes N C/e[VIOUYIO BeJHUHHY:

L ML TR SR U
N_L(ald?_l—a2dg+a3dg+--~+aid5i), (270)
HJIH
a
<=0 @71)

Torna, BhuncauB 3HaueHWe N, onpejie/isieM 5KBHBAJIEHTHBIH JHaMeTp

ds, 9TO yJIOOHO BHINOJNHUTH, HAaNpHMep, IO Ta0J/ulaM NpPHJOXKeHHs I,
a 1

iyt Ilocsie BHIUMCIIEHHA

Iuamerpa d, Bce IajbHelillMe THJpaBJHYecKHe pacueThl NPOH3BOJHM

KakK ] OpOCTOro TPyOOIPOBOJA NOCTOSTHHOTO JAHaMeTpa.

rjpe npuBeJeHbl 3HAYCHHA BEJHYUH b=
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TuapaBanveckuii pacuer TpyGONpPOBOAOB NPU JaMHHAPDHOM peXuMe
JBHXKEHHS

I'mppaBimueckuit pacuer TpyOOIpPOBOJOB NPH JaMHHAPHOM pexHME
JBHKEHHs JKHUIKOCTH B HUX NPOM3BOIUTCA NO dopmysaM (207). Koad-
(HLHEeHT CONPOTHBJICHHS A, YCTaHOBJEHHHH TeOpeTHYeCKHM IyTeM,
paseH

_ 64
= e

Onnaxko, xak nokasaju uccaegosanus H. 3. Openkess, B OTAeMb-
HBIX CJlyYasiXx IpaKTHYeCKHe 3HaueHHs A AJjs TpyOompoBOXOB 60Jb-
IIMX JIHaMEeTPOB, a TaKXKe JJsi TPYGONpOBOJAOB C GOJBIION IIEPOXO-
BAaTOCTHIO CTEHOK HECKOJIbKO BHILlE TeopeTHyeckoro. Tak, Hampumep,
IJisT MeTaJsyeckoro TpybonpoBona d = 27 mm xoaddumueHT A mo-

JIVUHJIC PABHBIM YKa3aHHOMY TEOPETHYECKOMY 3HAueHHIO, TOrja Kak
npu puamerpe d = 106 mm oH yBesmumica Ho A = 72—’3.
CuleoBaTeJIbHO, BEIpameHne JJisi KO3(pHLIHEHTa CONpPOTHBJCHHS
NPU JIaMHHapHOM DeXHMe JBHXKEHHsi MOXKeT OBITb 3allMCaHO B OOLIEM
BHJIE
4
~ Re’
rae koadduuuenr A = f(d,n) npuHHMaeTcs Ha OCHOBAaHHH HMeO-
muxcsl onblTHEIX naHHBIX!. Torma dopmysa (207) moxer GBITH INpH-
BeJleHa K H3BeCTHOMY HaM BuIy (234):
o Lvr ALQE  BALQ® L
ho =M 5 = Redogw? — Regeidd — 45
TAe JJs JIaMHHapHOTO peXuMa B KpyrJaoil Tpy6e
84 272)

e

A

§ 42. NIPUMEPbI TMAPABJIMYECKHX PACYETOB NMPCCTbIX
TPYBOITPOBO/I0B

MizpaBanyeckuit pacyer TpyGONpoOBOACE B YCROBHAX TYpOYJIe€HTHOrO
pexuma ABMMKEeHHS

[Ipu ruppaBanYecKOM pacueTe INPOCTBIX TPYGOIPOBOJOB JJIMHA
TpyOonposoja L o6biyHO u3BecTHa. Ko3(p¢duuHeHT uIepoXxoBaTOCTH N
NpUHHMaeTCs MO JaHHbIM Tadsa. 6. PaccmaTpuBasi OCHOBHYIO pacuer-
Hyio Qopmysy

LQ*

Mo = a 5,

L H. 3. ® penkeas. 'mapasauka. [ocsneprousnar, M., 1956, ctp. 186.
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OTMETHM, UYTO B YCJIOBUSX TYpOYJIEHTHOTO peKHMa IBHKEHHsI IIPH 3a-
naHHelX L u n OHa CBfI3bIBaeT MeXAY COGOH TpPH BeJIHUYUHB fy, d
u Q. CienoBatesibHO, JJIsl TOJYYeHHs OIpejesIeHHBIX pelleHHH HeoD-
XOIMMO HWJIH 3aJaBaThbCsl IBYMS M3 HHX, WJM 3apaHee 3HaTb HX.

Ha npaxTuke npuUXOAUTCS ONpenessThb:

1) pacxox Q B TpyGompoBoze IJHHOH L; mpu 3TOM 3ajaHbl Jaua-
MeTp TpyGompoBoia d M NOTEPH Hanopa B HeM /iy,

2) norepu Hamopa B TpPyGONpOBOAE, MMelOWeM AJUMHY L; 3anaHbl
pacxon TpyGompoBoia Q u ero auaMerp d;

3) noTpe6HBIH nHaMeTp TpyGompoBoja, MMmeromero AJMHHY L, 10s
nponycka sajaHHOro pacxona Q; morepst Hamopa h, TakXke 3ajiaHa.

Puc. 106

Pemenne OCHOBHHIX 3ajfiay ¢ noMombio Ta6aun. Pe-
IIeHHe YKa3aHHBIX BHILIE TPEX OCHOBHHIX 3ajJau C NOMOLIbI0 TaGJHIL,
NpUBeJeHHBIX B NpHJOXeHUH [, pasbepeM Ha UYHCJIOBBIX IIpHMeEpax.

Mpumep 21. Boxa us BOlIOHaHOpHOﬁ 6GamiHM TojaeTcs K 3aBONY
no TtpybompoBony nagauHOH L =3,5 kM, puamerpom d = 300 mm.
Onpenenuth pacxoi TPyGONpOBONA, €CJAH OTMETKA 3eMJI B MeECTe
yCTaHOBKM OamHH 2s = 130,0 M, paccrosiHie OT 3eMJH JO YPOBHS
BoAbl B GamHe H = 17,0 m, ormerka 3emsin y 3aBoja 2z = 110,0 .
TloTpe6Hniit Hanmop Boxel y 3aBoxa Hes = 25,0 m (puc. 106).

Ilo ta6auue (nmpuaoxenue I) nas n = 0,012 u d = 300 mm HaxO-
OHM DacXoiHYIO xapaKTepnchy K = 1,121 m®/cex. Pacxon ompene-
JUM 10 opmyJie (265):

2+ H— (2 F e
Q= Kl/ K‘/6 e )

=1,121 ]/ 1300 + 17,0 3‘50‘0”0*“ 250 _ 0,0656 w3/cex — 65,6 a/cex.

Mpumep 22. Onpenenutb 1/ ycaoBuil npumepa 21 BrbicoTy Gai-
(paccrosmne OT 3eMJii IO YPOBHA BOJbl B pe3epByape), KoOTOpas
CMO}KET ofecrneyuTh NMOJAUy BOJHI HA 3aBOJ B KoJuuecTse Q = 85 1/cex.
Onpe nennm morepro Hanopa no gopmyJe (264):
_ LQ® _ 3500 0,085
by = =T ipr = 20,1 m.
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3arem HalizeMm BbicoTy OGawnu (puc. 106):
Hs =24+ Hep + hoy — 25 = 110,0 4 25,0 + 20,1 — 130,0 = 25,10 .

Ipumep 23. Yposenb BOABI B BOJOHAaHNOpPHOH CawHe Ha /A, =
= 25,0 M mpeBniIaeT ypoBeHb BOJBI B TOUKe NMOTpeljennsi ee. JauHa
tpyGonposona L = 2400 m. IlogoGpats nmamerp TpyGonposoja naJsi
nponycka pacxoga Bomel Q = 35 a/cex. Ilasi 3TOrO BBIYMCJIMM 3HAyC-
HHe BeJIMYUHEI

a hw 25

=@ T LQ®T 2400 . 0,085 8,5.

ITo ta6nune (mpuaoxeHue l) ompenensieM faBa GauKaWIIMX 3HAYEHMS
BeJIMUHHBL b:

npu d = 150 mm b = 31,18;

npu d =200 mm b= 6,78.
Haa toro uro6el Tpy6ompoBoj ofecreuns nojady 3aZaHHOTO pacxXona
BOJBI, HEOOXOHHUMO MPHUHATH OJHKafiee GoJblilee 3HAYEHHE JHAMET-
pa, a umenHo d = 200 mn.

Mpuvep 24. Bona nopaercs mo Tpy6ompoBOAY, COCTABJIEHHOMY H3
[IOCJIEI0BATEILHO COeJUHEHHBIX TPY0 pas3HbX IJHH H JHAMETPOB:
[, =700 m, I, =500 m, I3 =200 m, d; =300 mm, dy =250 mnm,
dg = 200 mm. Onpepenuth NMOTEPH Hamopa B TPYGONpPOBOJE MpPH NPO-
nycke pacxona Boibl Q = 45 a/cex.

IOnsi ompepeneHust NOTepH Hamopa BOCMOJIb3yeMCSi  3aBHCHMO-
cThio (266):

! L. {
hw=<_1_+_2_ +_2_> Q2'
K? ' K} Kj

Tlo Ta6anne (npunoxenwe 1) mna n = 0,012 HaxoxuMm pacxoxHble
XapaKTEPHCTHKH JI COOTBETCTBYIOHMX AuaMeTpoB K; = 1,12 m®/cex,
K, =0,692 u3/cex u Kz = 0,384 m3/cex. Torna

700 500 200
B = (1_@ + oo m) 0,045? = 5,98 .

Mpumep 25. OnpenesuTb «3KBHBAJEHTHHIH» JIHaMerp TPyGOnpoOBO-
na pauHo# L = 700 m, mMeomero TpM yvyacTKa C pas/M4HBIMH IJH-
gamH ¥ guamerpamu: [, =200 u, d; = 0,300 m; [, =300 m, d,=
=0,350 m u I3 =200 u, dy = 0,400 m.

prnmmaﬂ 3HA4YCHUA BEJAHYHUH -;—5 = KL no tadjauue NpUJIOKEHHA I,
2
u3 dopmyasr (270) moaydaem:
a, 1 l {
2=N=—(a 2 b ) .
A I (al PH +a. & +as d;)
= 755 (0,911 - 200 + 0,401 - 300 + 0,196 - 200) = 0,488.
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a,
3nauenno l-i% = N = 0,488 cooTBeTCTBYeT HCKOMEIi HAMH SKBHBaJIEHT-

3
HBi puamerp d, = 0,370 x.

Pemienye OCHOBHBIX 3ajau 0e3 MOMOIKH TaGJMIL

Ilpu orcyrcTBuu Ta6Gaui 3HAYeHHH b = K_12 =fd) uv a=/f(d)

OCHOBHBIE 3ajlayd THAPaBJHYECKOrO pacdyera IPOCTOrO TPYGONpOBOJA
HeO6XOJHMO pellaTh CJeYIOmUM o6pasom:

l. Onpegenenue pacxona tpy6onposonaa Q
nNpH 3agaHHBIX L, d u hy

64n2
T 7d\%y
n? T
CONPOTHBJIEHHS] @ TPH 3aJaHHOM KO3((UIHEHTE MIEPOXOBATOCTH N1 H
3aTeM OIIpeAc/IMTb pacXxoJ MO 3aBHCHMOCTH

h,,d®
Q = V al

2. OnpepneneHnne nNoTepH Hanopa M,
npu 3agaHHbx L, du Q

Tlo dopmyne a = HeoOXOJUMO BEIYHCJHTD KO3DHIMEHT

OnperenvB Ko3(hUIHEHT CONPOTHBJEHHS @ TAK XKe, KaK H B Ipe-
IBIIYLIEM cJy4ae, BBIYHCJHM IIOTEpIO Hamopa mo ¢opmyJe
LQ®

hw =a F‘.

3. OnpeneneHue norpe6HOro IHaMeTpa
Tpy6onpoBona d npu s3ajgaHHHX L, Q u A,

B stom cJaydae HeoOXOJNMO BBIUMCJUTL 3HAUCHHE W3BECTHOH Be-

a

JINYUHBI & 3aTEM, 3aJaBasiCb pasyIMYHBIMH JHaAMETpaMH Tpy-

—_h
=g
a
GonpoBojia, ompejiesisieM IJIi KaxkAOTO M3 HHX 3HAYeHHsl —; H CTPOHM
a o a
rpaguk — =f (d). Ilo nanHOMYy rpauKy M H3BeCTHOH BeJIHUHHE 7=
h

= L—Z—2 HaxOJMM HCKOMBIH JTHAMETP.
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I'uapasanyeckwnii pacueT TpyGONPOBOIOB B YCJIOBHSAX JAMHHAPHOIO
peKHMa IBMIKEHUS

Jna BBHINOJIHEHHS! THAPABJIHYECKHX DAaCYeTOB IpeJBapPHUTENHHO He-
O6XOIUMO YCTAHOBHTb 3HaueHWe KO3(GHLUHEHTa CONPOTHUBJIEHHS @ B

2
OCHOBHOH pacueTHOH ¢opmyJe Ay, _aLdC: . B § 41 6ba nonyueHa
dopmyna (272): a = -R—S—g—g. 3aMeHHM B 3TOH 3aBHCHMOCTH 4uCJO Re

vd
yepes —. Torma momyunm

_ 8Av

" vdgn®

KO3(I)CI)HL[PICHT COIIPOTUBJIEHNS @ MOXKHO NPEIACTaBUTb TaK¥Xe€ B CJie-
4

AyoumeM BHIE: 3aMEHHUM U yepes Q

—¢ TOrna
8Avrnd? 2Avd
a = 10 dg‘l‘tz '@. (273)

PaccmotpuM peleHHe yKa3aHHBIX BBHIIE OCHOBHHIX 3ajad THpAaB-
JIMYECKOrO pacuera TpyGOIPOBOMIOB.

l. Onpenenenue pacxona tpy6onposoga Q
npu sajgaHHex L, d u hy

LQ?

Vs ocHOBHO# pacuerHoii GopMyab hy = a—-

ONpeHACTIUM pacxon

— h,d?
tpyGomposona: Q V a = %- 3aMeHHM KO3(p(DHUIUEHT CONMPOTUB-

JIEeHUsl a ero 3HayeHueM IO 3aBHCHMOCTH (273)

Q]/Z’;f—-l/h -

OTKYyJa IOJIyYuM BblpazKeHue IJig pacxonja:

hdign
Q=-5r7- (274)

2. OnpeneseHue NOTepH HAmopa /g,
npu s3agaHHuXx L, Q u d

Tak Kax CKOpOCTb U B NaHHOM CJyyae H3BECTHA, TO, OTpeNeJHB
KO3((HIHEHT CONMPOTHBJEHUs a no dopmyse (273), morepio Hamopa
HaxoJUM IO 3aBUCHMOCTHU
LQ?
he =a—.
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3. OnpegeneHue nuamerpa tpy6ompoBojga d
npu 3agavHex L,Q u Ay,

.HJIH peweHus 3TOH 3ajaud BOCIIOJ/Ib3YEMCS 3aBHCHMOCTBIO

a _ I
@B T LQY

3aMeHUM B Hefl KO3((QHIUEHT CONPOTHBJEHHS @ COTJIACHO DaBeHCTBY
(273). Torpa

2Avd by
4Qdgn ~ LQ¥
OTKyJa
q
_ 2AVLQ
4=/ i (275)

Vicnonb3oBaHHe BbIBeJEHHBIX 3aBUCHMOCTEil IJIs1 pelleHHs] MpaKTHYe-
CKHX 3aJay NOSCHHM HAa YHCJOBBLIX [pHMepax.

[Ipumep 26. Onpezenutb pacxon paGoueil KHIKOCTH B CHCTeMe
rujponepenayd, 3Hasi jauamerp tpy6onposona d = 40 mm, morepu Ha-
nopa hy = 0,1 m u pnuny marucrpamu [ = 10 m. Pa6ouasi XuAKOCTb
HMeeT BSI3KOCTb v = 7 cm?/cek, pg = 1,1 2/cm®, xoapduunent A = 64.
Ilpennogarasi, 4To peXUM JBIDKEHHs sIBJIseTC JIAMHHApHBIM, OIIpe-
nessieM pacxon Q mno cdopmyse (274):

Q= hyd®gm 3,14 . 981 . 44 . 91
T 2LAv 2-64-7 1000
rae Ny = E%=0_,'OOT’11'1=91 cM.

Onpenenum uyncjo Re 11 Hamiero ciaydas:

= 80 cm®/cex = 289 a/u,

vd  4Q 4.80
Re =— =— =3——’14.4_7=25<2320.

Tak kak Re = 25 <{ Rexp = 2320, 10 pexuM IBHKEHHS fABJSETCS Ja-
MHHapHBIM,

flpumep 27. YcTaHOBHTH 3aBHCHMOCThL IIOTEPh HAmopa OT TeMrle-
paTypel B MacJIOIpoBOJe THIPONPOBOJA MeTaJJOPEeXKYIIero CTaHKa.
V3BectHbl: psmHa TpyGompoBoxa [ =6 m, ero nnamerp d = 20 mm;
pacxon macaa B ruipocucreme Q = 0,157 a/cex (v = 0,5 m/cex). Pa-
6o4ast KHAKOCTb IpejcTaBJiieT cOGOH MUHepaJbHOe TYypPOHHHOE MacJo
mapku JI: ee Baskocts ° Egy = 3,0.

. 00631\ 0,0631\
y = (0,073 Eso — E—so> - (0,0731 3— —3—).~
= 0,198 m%/cex =~ 0,2 cm?/cex.
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3aBUCUMOCTb BSI3KOCTH OT TEMIepaTyphl AJs TypOMHHOrO MAalldHHOTO
macaa mapku JI B npegenax or 30 mo 150° Beipaxkaetcs Qopmysoi

50\° 50\2 500
vy = ‘)50(7) == 0,2 (T) =—tz—

Ilo paunmm MBTY, xosdduuuentr A B dopmyne : = % IJIsT MHHE-

panbHBIX Maces jaHHOi Mapku paseH A =75. IloxcraBum B dopmy-
ay (272) cooTHOLICHHE IJISA Vi

2A1Q500 _ AlQ
ho = “ir = 1000 22,

[MosiyueHHO® BbIpAXKEHHE YCTAHABJIMBAET CBA3bL MEXAY NOTePAMH 3Hep-
rud (Hanopa) B Mac/JompoBofe M Temneparypoid. IlojcraBuM umucJeH-
Hple 3HaueHdsi A =75 u = = 3,14:

B = 23850 d?tz

CaegpoBatesibho, npu ¢t = 30°C

600 - 157

npu t = 150°C

= 159 ¢m MacasHOr9 €10s63;

600 - 157
heo = 23850 ger—or—z5e = 6,35 cm MacssiHOro crosiGa.

TMpumep 28. Omnpenenutb MOTPeGHBIH THAMETP MACJONPOBOJA, €CJIH
W3BECTHO, YTO IMOTEPH HANOpa HE NPeBHILAIT A, = | M MacJsHOro
cronba Ha mjuHe MacJjonposoja [ = 4,5 m npu pacxozge macia @ =
=1 a/cex. Bsizrocth Macaa npu ¢ = 50° C cocraBasier v = 1,6 cu?/cex,
Koathdunuenr A = 64,

PexxuM 71BHKEHHs B MacJ/IONPOBOJES HaM HeusBecTeH. Ilpexnosio-
JKUM, YTO DEXUM J[BHXKEHHS MacJja — JaMHHapHBl U oOmpenesuM
JuaMerp MacjonpoBona d. 3areM, YCTaHOBHB uHcJO Re, npoBepsem
NPaBUJBLHOCTb HAIEro INPEJNOJIOKEeHHS O peKuMe JBHIKEHHsl MacJa.
TMonbsysice dopmydioit (274), HaXoguM KHAMETp MacJONpOBOJA:

4 4
_ 1/ 244Q 7/ 2-64-16-450-1000
d_‘/ nghy, _l/ 3.14.9.81 100 = 4,15 cm.

Onpepenum uncao Re ajst maHHOrO ciyyas:

Re_%d_10d 40 _ 41000

YV T wd™  wdv  3,14-415-16 191,5 < 2320.

CriezoBarebHO, Halle NpPENNOJIOXKEHHe O JAaMHHADHOM DEXHME JBH-
XeHUsi ObJIO TNPaBHJbHBIM,
[Tpunumaem nuamerp MacJjonpoBofa d = 45 mu.
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§ 43. NPUMEPbHI THJPABJIMYECKUX PACYETOB CJIO)KHbIX
TPYBOIPOBO/JOB

TuapaBanueckuii pacuer TPyOGONpPOBOAOB C NapaJielbHbIM COeJHHEHUEM
JHHUH

PaccmorpuM cxemy, npejicraBjieHHyio Ha puc. 107: u3 nynxra A
B NYHKT B 10 TpyGonpoBoAy mnojaercd KHAKOCTb B KOJHUUECTBE
Q a/cex 6e3 pacXomoBaHHsA 1O NyTH. B Toyke a TpyGompoBox pas-
JeNIieTcsl Ha TPU NapaJjuiesibHble JIMHHH, KaXKJAasg W3 KOTOPhiX HMeeT
pasJuyHble AJMHBL M pasJjiMuHble AHamMeTphl Tpyd. B Touke 6 Bee Jim-
HHH CO€JHMHSAIOTC.

4 T T :i /‘w
'__:_ é)d.?’ 93 T
/] :E Z/’dlf ?I 5
T a— a o /5 m—
‘é,vdZ;yz
Puc. 107

3anaua 1. OmpenenuTb pacxoisl XKUJIKOCTH ¢y, G2, 3, TPOXOLs-
meldl no kKaxJoH JHHHH, T. €. YCTAHOBHUTb pasfesieHHe oOfliero pac-
XoZa Q 1o napaJsesIbHbIM JHMHHAM TPYO.

Tak kak jaBJjeHHS p B TOYKAX COeMHEHHs TPYO @ U b 1Js1 Bcex
JIMHHH OJIMHAKOBBHI, TO INOTEPH 3HEPTHM B KaxXKJOH NapaesbHON JH-
HHU TakikKe JOJDKHBI ObiTb OJMHAKOBBIMH. ClleoBaTesibHO, MOMKHO
COCTaBHTH CJIELYIOUIYIO CHACTEMY ypaBHEHHH:

e iy T
IZKI]/TI’ g: = K, ]/72, Q3=Ksl/ g i (276)

Q=91+ 9+,
rre Ky, Ko u K3 — PaCXOAHbE XapAKTEPHCTHKH PacCMaTPHBAEMbIX
napaJijieJibHbIX BeTBEH, MMEIOIMMX IJHMHH [y, [, u I3 u jpuamerpsl d,,
dy u ds. Torpa

R AVAZEY B V4793

(VT Ty 122 + st) Vha,
OTKyza o
h = e ©277)
(Frtyet LTVE 13)
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ITo dopmyne (277) ompepensiercst noTepst SHEPruM MeXAY TOUKAMHU
pasBeTBJEHHs] TPYOONpOBOJA INPH M3BECTHHIX PACXOAHBLIX XapakTe-
PUCTHKaX OTJE/NLHLIX JHHHH M CyMMapHOM pacxone TpyOOmpoBOJaA.
Pacxopipl OT/Ie/IbHBIX JIMHUH HaXoORsIT IO 3aBHCHMOCTH

hy
qi==Kf]//lz.

3apaua 2. Hafitu nuamerpsl Tpy6 mnapajiesbHbIX JIMHHH, ofec-
[eYNBAONIMX OJMHAKOBBIE PAaCXOIBlI §; = (2 = 3. TaK Kak

K —
Q ==i77;vfhw,
ro
Ky _ K _ K
Vi Vi Vi

DTy 3ajady cJjejyer peliatb MOA{OpOM, NOJb3ySACh TabJHIeH 3Haue-
Huil K = f(d).

3anaua 3. Paccunrats TpyGONpOBOZA, COCTOAIIMH M3 ABYX mapaJ-
JIeJIbHBIX JIMHHMH paBHBIX AHAMETpPoB d, HO PasHBIX AJMH [, u ;. B
3TOM CJiy4ae pacxofHble XapakrepucTHKH Oynyt pasHbl. Creposa-
TeJbHD

Torna

1 OKOHYaTeJbLHO
2
hy= — L 278)

IlpuBejeHnele crnocoGbl pacuera cHpaBefJuBbl Kak JJs TypOy-
JIEHTHOTO, TaK H JJI JIAMHHApDHOIO DEeXXUMOB [BHKEHHS MKHIKOCTH
no tpy6am. OfHAaKO pacXOiHBE XapaKTEPHCTHKH ONpeJeJfloTcs pas-
JIMYHBIM IyTeM, B 3aBHCHMOCTH OT pexuma jsuxkenus. Ilpu TypOy-
JICHTHOM pexKMMe BeJHYHHBl K MOryT NPHHHUMAThCA MO TaGJHLAM; NpH
JIaMHHADHOM DPacXOjiHble XapaKTEPUCTHKH JIOJDKHBI BBHIUMC/IATBCS CJe-
AynouuM o6pasoM: 3HaueHHe KO3dGhHIMEHTa CONPOTHBJEHHS a IJid
yCJOBHI JIaMMHApDHOrO peXHMMa JBHXCHMs onpejensercs Qopmy-
Joi (272):
84y

a_—v@w'
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ds
Tak xak pacxomnasi xapaxtepuctuka K = -
TO
6 2 6 2 4
K= dbugn?  d%4Qgm Qdign (279)

84v —  8Avmd® T 24v

Takum o6pasom, cuctema ypapHenuit (276) noskHa pewiaTbesi NOA-
GopoM, TaK KaK B YCJOBHSIX JIAMUHAapHOTO peXHMa JBHXKeHHs pac-
XO[HBIE XapaKTEeDUCTHKH 3aBHCAT OT pacXOJiOB, KOTOpHIe SBJSIOTCA
HeusBecTHhIMH. JlJ1fl 3TOro mocrymawoT cJenyimuM o6pasoM: 3ajaB-
HINCH paclpefieleHHeM pacXoioB ¢y, §s M (5, BBIUHCJSIOT MO (OpMY-
Jge (279) pacxonwrble xapaktepHctHky K;, K, ¥ K; M Do ypaBHeHHIO
(277) onpepensiiorT motepio Hamopa h,. IlojcTaBssior nosyuyeHHoe 3Ha-
ueHHe TNOTepH Hamopa A, B CHCTEMY ypaBHenui (276). B zaBucumoctH
OT IOJIYYeHHBIX Pe3yJ/IbTaTOB CHOBAa 3aJalOTCSl 3HAUEHHSIMH pacXoJoB
G1, g2 U (3, Bels pacueThl O TeX NOp, NOKa KaXJACMy U3 HHX He
6ynyT nofoGpaHbl COOTBETCTBYIOLINE PAaCXOAHBlE XapaKTepHCTHKH K,
K, u K3, npH KOTOpBIX YIOBJIETBOPSiETCSI CHCTEMa ypaBHeHuil (276)
u (277).

luppaBnnyecknii pacueT pasBeTBlEHHBIX TPYOOLPOBOACE

Ilpeanonoxum, uro TpyConmpoBOj, HauMHaOIMiics B nydkte A,
Ienutcsi B NyHKTe B Ha nse BerBu: EC u BD (puc. 108). TpeGy-
eTcsl ONpeJeJINTh PacXoibl TpY-

Gonpoeoza B Toukax B, C u 2
D. Hanop B Touke A, nuamer- —-4, — @D"
7

pel Tpy6 M IJHMHB YyYacTKOB EL a,
3ananbl. Ilpu ruppasinueckom @ 5\@\
pacuere pasBeTBJEHHBIX TpPY- @
6ONpPOBOAOB HCIIOJNB3YeTCA Tpa- N
(QoaHanUTHYECKHU MeTOoJ, 3a- %
KJIOYalomuics B TOCTPOEHHH Puc. 108
XapakKTePHCTHK AJIS1 OTHEJbHBIX

y4acTKOB TpyGonpoBOJa W CyMMapHOH XapaKTepHCTHKH JJIsl BCEro
Tpy6onpoBOAa B lesoM. XapaKTepHCTHKOH TpYGONpOBOAa Ha3bIBACTCS
rpaduk 4w = f(Q) npu K = const u L = const, opauHathl KoToporo
BBIUHCJISIIOTCS 1O 3aBHcUMOCTH (264):

2L 2
hw=an—5 =%‘2L.

&

¢

/

Cnavana cTposiTcss xapakTepHcTHKH 1Jsa BetBeit BC u BD ur. 1.,
T. e hy=[,(Qp) ¥ hy = f5(Qc), a TakxKe 1/ HauaJbHOrO yuyacTka
Tpy6onpoBoga AB — hy, = f5(Q4), Kak 3T0 mokasaHo Ha puc. 109.
Tak xak namop B Hauase Beteefi BC u BD opunakoB, To ofliast
NX XapaKTepHCTHKA /iy = f4(Qp 4+ Qc) Moxer CHITb NOJyYeHa MyTeM
ca0xeHnst alcuuce pacxofoB KPHBHIX Ay = f1(Qp) U fy = f2(Qc)
IJs paja 3HAYeHHH MOTepH Hamopa /.
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Pacxop BayasnbHOro yuacrka AB paBeH cymMMe pacXoJlOB BETBEH
BC u BD, 1. e. Qa= Qp-+ Q¢c, mosroMy sl TNOCTPOCHHA C yM-
MapHOH XapaKTEpPHCTUKH BCero TpyOoIpoBoja HYXKHO HJs psija 3Ha-
ueHH{l PacXOJOB CJIOXKHTb OPAHHATHI NOTEPb HanopoB OOWIEH Xapak-
TEPUCTHKH  BeTBefl /iy = [
{Qs + Qc) m xXapakTepHCTHKH
HAayaJbHOrO  ydacTKa /1, =
=[5(Q4). B pesyabrate Mo-
)eT OBITb NOJIyYeHa CyMMap-
Hasi XapakTepHCTHKa Tpy0bo-
T nposofia H = f; (Qa), KoTopas
[03BOJISIET  ONpeNesUTb  IIPOo-
NyCKHYIO CNoco6rocTb TpyGo-
npoBoja M €ro BeTBed MpH
3aJaHHOM Hamnope B Hauase
Tpy6onposona H.

Jas 3TOrO MO CyMMapHO#
XapakTepucTHKe TpyGompoBoja
ompeiesisieTcst  pacxox, CooT-
BEeTCTBYIOIIMH 3ajJaHHOMy Hamopy, a 3aTeM IO CyMMapHO# Xapak-
TepucTHke BeTBel BC m BD ycranaBjuBaeTCsi paclpele/eHHe 3TOro
pacxoja NO BeTBSM TpyGONpOBOJA.

é”u// D

Mpumep 29. Touku A u B coe- /A
JMHEHBl TPeMsl JIHHHSMH TpyGompo- - .
Bona. Pacxon B touke A cocran- & > a 3%”:-{;500,»,
aser @ =250 a/cex. ngene.nmr: = 250mm £y=300m
pacxofpl OTJGNBHBIX JHHHH ¢y, (s Gy —

H ¢; U ToTeplo Hamopa /h, Ha =400, -
yuactke A—B. Jluamerpsl U AJHHBI = #00mrt 5-800m
Tpy6 ykasaHol Ha puc. 110. Tloreps
Hafnopa /A, ompejessercss 10 ¢op- Puc. 110
myae (277):

_ Q2 _ 0,2502 _

hs _( LN Ka) ( 12 0692 . 240 )2 = 2,04 at.
Vi Vi Vi V500 © /300 © /800

Torza

g, = 1,12 i/ 20%4 0,0714 m3/cex = 71,5 a/cex;

g2 = 0,692 50%4 = 0,0570 m®/cex = 57,2 a/cex;

204

Gs = 2,40 00 = 0,1213 m3/cex = 121,3 a/cex;

Q =250 a/cex = 71,5 + 57,2 - 121,3 a/cex.
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§ 44. OCHOBBI TEXHHUKO-3KOHOMHUYECKOIO PACYETA TPYBONPOBOJ0B

AHa.nusnpyﬂ CbOpMYJIy, CayxKallyro HAJad OIpeJe/ieHust IOoTepb
SHEpPrun Mo JIJinHe TPY60ﬂpOBOIla,
LQ?
hw = a-d—5,
MOXKHO TIPHATH K BBHIBOAY O TOM, YTO yBeJHYEHHE IHaMmeTrpa Tpyo
3HAYHTEJNbHO yMEHBIIACT IIOTEPH SHEPTHH. YMeHbllIeHHe  3Ke noTepo
SHepruu B pr60np0B0;le NPUBOAUT K YMEHLILIEHHIO MOIIHOCTH HacoC-

HBIX yCTaHOBOK, HE06XO0-

IUMBIX JJIsi CO3NaHust Ha-  old |

nopa, W TJaBHbIM oOpa- 300 / \ Crac /f

30M K YMEHDLIEHHIO 3a- / 4-f(d)

TPAT SHEPIHH, CBASAHHEIX  pgp. S N N {

C SKCIJIyaTalMed Hacoc- . N

HbIX craHnui. OpHako L LD me TN
yBeJiHYeHne Juamerpa 100 2 7 T !
Tpy6 IHOBBILIAET CTPOH- — Al 0t & 200

TEJIBHYIO CTOMMOCTb TpY- P I I | | 0

Gonposoza BBHAY YBeJH- 10 20 30 40 50 60 70 80 90 10110
yeHus Beca MertaJja. Ilo- A, Smoft  u Cyap more.r98
3TOMy BHIGOp Juamerpa ’

TpyGonpoBoia  JOJKEH Puc. 111

[IPOH3BOJUTLCA HA OCHO-
BaHUM TeXHHKO-9KOHOMHUYECKOrO CpaBHEHWUsl psiila BaApHAHTOB, YYHTHI-
BalOIIHX BCe (PaKTOpHl, BJHAIONIME HA CTOMMOCTb COOPYXEHHS B
LeJoM (CTOMMOCTb TpYyGOIpOBOJA, HACOCHHIX YCTaHOBOK), 4 TaKike
BCeX 3KCIJIyaTallMOHHBIX PacCXOJOB, CBSI3aHHBIX C PaGOTOM HACOCHBIX
YCTaHOBOK M caMoro TpyGomnpoBoja.

JlanHas 3ajava peraercs cJaelyIOMHUM O0pasoM: 3a[aBIUUCH PsOM
3HaueHUH Juamerpa TpyGompoBoia d, ONpefesisieM CTPOMTEJNbHYIO CTO-
HMOCTb Sy, Ka)KIOro BapuaHTa. 3aTeM, BBIUHCJIMB IIOTEDH SHEPruH
No jauHe TpyGONpOBOZA M YCTAHOBHMB IOTPESEBLIE MOMIHOCTH HACOCOB,
onpefiesisseM TaKKe A KaxAOTO BapHaHTa CTPOHTEJIbHbIE CTOMMOCTH
HAacOCHBIX YCTAHOBOK Syac U IOJIHbIE CTPOHTE/bHBIE CTOMMOCTH Kax-

JOr'o eBapHaHTa:
S = (Stp + Suac) PYO. (280)

IToncuntap exeronnble 3KcIJyaTalMOHHbe pacxoibl Cr,, CBsI3aHHbIE
¢ paGoroii TpyGornpoBoja (pemoHT, aMOpTH3aLHsl, OOC/yXHBaHHE), H
9KCIIyaTalluOHHBIE PacXoAbl HO HAcOCHOH cTaHUMM Cyac (3HEpTHS,
1ITaT, PEMOHT, aMOpTH3alllsl), YCTAaHABJHBAEM pa3Mephl MOJHBIX exKe-
TOIHBIX IKCIIyaTallMOHHBIX 3aTpar:

C= (Crp -+ Cﬂac) py6- (281)

Jljis Toro yro6bl 1IMEeTh BO3MOKHOCTH COMOCTAaBJSITh ¢IHHBpEMEH-
HbI€ CTPOHTEJIbHBIE 3aTpaTthbl S ¢ €XKeroJHbIMH 3KCNJyaTalloHHbIM K
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pacxonamu C, OCHYHO NOJIb3YIOTCS TOHATHEM OKYNaeMOCTH KalHTallb-
HBIX BJIOXKEHMI, TNpHHMMasi cpok okynaemoctd ¢ = 10 — 15 ner. Tor-
Jia ToJiHasi CTOMMOCTL BapHaHTa TpyGonpoBojia MOXKeT GbiTh BhIpAXKeHa
TaKOH 3aBHCHMOCTBIO:

S S
A=3 4 C="2 4 7% 4 Cy Cpae. (282)

MunumanpHoe 3HaueHHe TIOJMHOM CTOMMOCTH A  COOTBETCTBYET
HauboJiee 5KOHOMHYHOMY BapHaHTy TpyGonpoBoja. 3ajaua peliaercst
rpadoaHaMTHYeCKHM CIOCOGOM H 3aKaHYKBAeTCsi MOCTPOEHUeM rpa-
¢uka A = f(d), xak 310 nokazaHo Ha puc. 111, rie npuBexeHbt
pe3yJbTaThl BBIUHCJEHHH JJIi KOHKPETHOTO UHCJIOBOrO [pHMepa.
B paccmarpuBaemMoM cayuae HanGoJiee SKOHOMHUHHIM SIBJISIETCSl Ba-
puanr tpy6onposoja ¢ d = 200 mm.

§ 45. THAPABJIHYECKMM PACYET KOPOTKHX TPYBOIPOBOJOB
H CH®OHOB

Kopotkumn Tpy6onpoBOJaMH Ha3bIBAlOTCA TakKHe TPYGOHNPOBOJHI,
B KOTOpPHIX NOTEPH HAanopa B OCHOBHOM CKJIAJBIBAlOTCA H3 MECTHBIX
notepb. EcJH MecTHBIE CONPOTHBJICHHSI PAacHOJIOXeHbl APYI OT Apyra
Ka paccrosiHMH He MeHee 20 puamerpoB TpYOBl, TO TOTOK MEXIY
MECTHBIMH CONPOTHBJICHHSAMH cTabuausupyercd. B 3ToM caydyae Moxer
ObIThb NMPUMEHEH INPHUHLIMI HAJOXKEHHS OTJeJbHBIX NOTephb, a IOTOMY
IJs onpefeJieHHsi OOIKMX IOTePb Hamnopa HeOoOXOAMMO YCTaHOBHTb
KO3((pHIMeHT CONPOTHBJEHHS] cuCTeMbl (. = I, BXoAsiu# B 3aBU-
cumocTb (258).

Tlpn ruppaBJHYeCKOM pacyeTe KOPOTKHX TpyGONpOBOIOB MOTYT
BCTPETUTHCS CJIEAYIOIMIME OCHOBHBIE 3aJaud.

1. Onpenenenne mnorepb Hanopa. lI3BecTHH jguaMeTp U pPAacXon
TpyGONpOBOJA, 4 TaKXkKe THIIBI MECTHbIX CONPOTHBJEHHIL.

2. Onpepenenne pacxoma TpyGompoBona. V3BecTHH nuamerp Tpy-
6onpoBoZa M NOTepH Hamopa B HEM.

3. Onpenenenne pnuamerpa TpyGoONmpoBOja IJisl NPOIyCKa 3ajaH-
HOTO pacxXofa IpH H3BECTHHIX MNMOTEPAX HAmopa.

IlepBble zBe 3amayM pelaloTCs HENMOCPENCTBEHHO MO (opMy.am:

Q* 16Q* |

02
/zw:Cc2~g=Cc2:_‘w2= < ogmiad’

el

nud? //— Qghw

= ¢ at

—x (283)

<

Tperks 3ajaua pemaercss NOAGOPOM, TaK Kak Ko3(dKIHEHT compo-
THBJIEHHS CHCTEMBl 3aBHCHT OT JHaMeTpa TpyObl (Hampumep, KO3¢-

(UL HEeHT )\ali, VUHTHIBAIOMKi NOTepH MO JJjuHe). B 3toM cayuae cie-
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P

LyeT CTPOHThb rpagux %f, = f(d) ¥ o Hemy HaXOAUTb JHaMeTp, OTBE-

. ghym® L,
HIOWMil PABEHCTBY —ghy = 77 .
npene6peub, TO AHaMeTP TP YyOGON POBOLA ONpefiesisieTCsl HeloCpeiCTBeH-
HO 1o opmysie

Ecau norepsiMu 1O JAJIHHE MOXKHO

(284)

g--1

Puc. 112

Or0i1 XKe GOPMYJIOH MOKHO MNOJb30BATLCS NP PELIEHHH 3ajaud my-
TeM mogbopa. IlpexBapuTesbHO ompejessiercsi AHaMeTp TPy6onpoBoja
Ges ydera moTepb Hanopa mo paJuHe. Ilo 3TOMy nuameTpy yTOYHSETCS
KO3((HIHEHT CONPOTUBJEHHs CHCTEMbl. 3aTeM yTOYHEHHOe 3HaueHHe
Cc moxcraBasercs B ¢opmyay (284) u onpenensieTcs yTOUHEHHBIH
nuameTp TpyOonpoBoja.

Kak yxe Bbllle yKasbiBajoCb, B TeX CJyyasiX, KOIJa MeCTHbIE
CONPOTHBJIEHHSI B TPYGOIPOBOZE pAacHOJIOKeHbl Ha PacCTOAHHH MeHee
20d npyr or apyra, IpPUHUMII HaJIOXKeHHs IOTepb He JaeT JOCTaTou-
HO TOYHBIX pe3ysabTatoB. OJHAaKO BCJeICTBHE OTCYTCTRHS JAPYTHX
IIPHEMOB pacyera NPHHIMICM HaJOXKEHHs MOTepb NPHXOLHUTCS IOJIb-
30BaThCsl U B 3TOM cJiyyae ¢ 0Osi3aTeJIbHBIM yKasaHHeM Ha mpHOJU-
KEHHOCTb II0J1yYaeMblX NaHHBIX.

Pacuer cudona. CudoH npexcraBisier co60il KOPOTKHH Tpy-
COnpoBOJ, MO KOTOPOMY 3KHJKOCTb JBHXKETCS H3 IHTAIOLIEro pesep-
Byapa A B npueMHblii pesepByap B (puc. 112). OcoGenHocTbio CHpOHA
SIBJISIETCS] €r0 CIIOCOGHOCTb MOFHHMMATL JKHAKOCTh Ha BRICOTY 2 BHIILIE
YPOBHS €e B mHTalolmeM pesepByape. IlpuHuun nefictBusi cHOHA
OCHOBaH Ha 00pa30BaHHM BaKyyMa B IIOBBIEHHOHI YacTH CHGOHA
(cewenne 2—2), ur0 CO312€T PAsHOCTb JaBJEHHII MeX1y atMmocdep-
HBIM JaBJieHHeM, JeHCTBYIOMMM Ha NOBEPXHOCTb JKHAKOCTH B IIHTa-
omemM pesepsyape A, W NMOHMXKEHHBIM JaBJIeHHeM B 00JlacTH BakKyyMa
B ceueHnn 2—2. Ilja Toro utcGel cuoH Hayasa AeHCTBOBAThb, TPedy-
€TCsl MpeJiBapHTeJbHOE 3aIOJIHEHHe ero JXHJKOCThIO HJIM CO3LaHHe
BaKyyMa B HeM IIpH IIOMOILM CIlelHaJbHBIX BaKyyM-HacoCOB.
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Pacuer cudona 3ak/mouaercss B onpejeseHHd €ro HPOMYCKHOH
CMOCOOHOCTH H NpesiesIbHOro 3HauyeHHsi BBICOTbI CH(OHA 2, NPH KOTO-
poii OH MoxeT paGoTaTh.

Pacuer nponyckHo#l cmocoGHOCTH CH(OHOB HPOM3BOAHUTCS IO

Gopmyie
nd L/ iy (285)

rjge yepes H o6Go3HauyeHa pasHOCTb YPOBHEH KHJKOCTH B pe3epBya-
pax A u B, {;— cymMapHBIii KO3(](HUIHEHT CONPOTHBJIEHHS TP YGO-
IIpOBOJA.

Pacuer BoicoTh cudona 2z [lpeanosoxum, uro pesep-
Byapsl A M B coenuHeHbl cH(OHHBIM TpyGonpoBojoM (puc. 112),
U HanuieM ypaBHeHHe DepHyJsuin pas ceuenuin /—I u 2—2 oOTHO-
CHTEeJIBHO IIJIOCKOCTH cpaBHeHHsi 0—(, cOBmajaoiei ¢ ypoBHEM BOJbI
B NHTaIomeM pesepByape A:

pam pg L v?
g + + + E CM 2g + d Zg
371ech ps — THJPOJMHAMHUECKOe JaBjleHHe B ceueHHn 2—2;
U — CKOPOCTb JBHKEHHS KHJIKOCTH B TpyOe;
2 — pacCcTosiHHE OT YpPOBHSI XKHMIKOCTH B pesepByape A 10
IleHTpa TpyOBl B ceueHHH 2—2;
Xy — cymMMa KO3(p(QUILHEHTOB MECTHBIX CONDOTHBJEHHH TpybO-

npoBoja.
Taxk xak
& - = hBam
g g
TO
hBaK=z+(a+2CM+> )2g (286)
U
L\ v?
z=hﬂax—(a+sz+xd—)2—g. (287)

Tak kak mnpezesbHOe 3HaueHHe BakyyMma cocrasasier 10,33 m 600. cm.,
TO, YYUTBIBasi HaJH4YHe NOTepb SHEPTHH B CH(GOHe, a TaKKe HEBO3-
MOXKHOCTb GOJIBILIOr0 TOHMXKEHHSl JiaBJeHHs B HeM, BO u30ekaHHe
KaBHTAallHM BBICOTY MOABeMa 2z OCBIYHO NPHHHMAIOT He Gojee 7—38 M.

IMpumep 30. Bopa u3 ckBaxuHB N0 cHGOHHOMY TPyO6ONpPOBOLY
nojaercss B cGopHblii Kosonenr (puc. 113). auna 1py6el cudoOHa
L =400 m, amamerp d =200 mm. PasHocTe ypoBHe# BOABI B CKBa-
XKuHe U kosonue H = 1,30 m. OnpenennTh pacxof BOAbl, HpOTeKa-
onefl yepe3 CH(OH M BaKyyM B €ro HauBbICIledl TOUKe, €CJH pac-
CTOSIHHE OT YPOBHsSI BOJbl B CKBaKHHEe O BbLICILIEH TOYKH CH(OHHOTrO
TpyGonpoeona z = 4,0 m. KoaddunueHrt wepoxosBatocTH Tpyd n =
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= 0,012. MecTHble compoTHBJeHHS cocTaBjsooT (, = 8,4. ¥YcraHoBuM
CYMMapHBIH KO3(hHIHEHT CONPOTUBJICHHS:

Ce = lu+ A2 = 8,4 40,0263 12

0z = 61,0,

rie Ko3h@HUIUEHT CONPOTHBJCHHS A ompenesneH o TaGule NpHJO-
xkenus 1. ITo ¢opmyse (283)

s @_3,14-0,22]/2-9,81-1,3=00205Malc,___
Q =md VT“ 1 61,0 ’ “

= 20,5 a/cex.

CKOpOCTb TEUeHHs! KHIKOCTH
paBHa

= (0,646 m/cex.

Vckomoe 3HaueHme Bakyyma
B ceyeHUn 2—2 oIperesuM
no zasucuMoctu (286):

P = 2 + (a + B0 Puc. 113

B 404 (184452625 4004 1,32 =532 u
) % 19,62

§ 46. 3AJAYA O TPEX PE3EPBYAPAX

B uHXeHepHOH NpaKTHKe IOBOJLHO YacTO IPHUMEHSIIOTCS pasJivy-
Hble INHTaNi{e YCTAaHOBKH, IIpeJCTaBJsiomive co00H KOMOHHAIMIO
TpeX pe3epByapoB, IPH INOMOLIM KOTODPBEIX OfecreyuBaeTcst paBHOMEp-
Hasi U OecnepefofiHass mNoOJaya JXHJAKOCTH K MeCTy IOTpebJseHHs .
B kauectBe mpuMepa MOXHO NPHUBECTH CHCTEMY OJHOBPEMEHHOIO MH-
TaHusl GEH3WHOM MOTODOB CaMOJIETOB M3 TpeX 06akoB, U3 KOTOPBIX
ofuMH 6ak pacroJsioxeH B (rosensike, a JiBa — B KpblIbsaX. pyrum
NPHMEPOM MOTYT CJAYXKHTb ypaBHHTeNbHbIE pe3epByapbl B CHCTEMe
BOJOCHaGKeHHs, KOTOpble aKKyMYJIHPYIOT U3JHIIKH BOJb!, HMEIOMHECs
B CeTH B IEpHOJ NajeHHs NOTpebJseHHs, B IEJX HCIOJb30BAHHUS ee
IpH TOBBILEHHOM BOXONOTPeOJICHHH.

Paccmotpum 3ajauy o Tpex pesepByapax, 3akJ/IOYalollylocs B OIl-
pelesieHHH HalpaBJieHHsl TeueHHs W BeJHYHH pacXoloB B CHCTeMe
TpyGONpPOBONOB MNpPH HAJHYUM TPeX pes3epByapoB, PaclOJIOXKEHHBIX
Ha pa3HBIX BBICOTaX H COeIMHEHHBIX MeXJy co6oi cucreMoil TpyG6o-
npoBoJoB (puc. 114).
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CocTaBuM CJENYIOIYIO CHCTEMY ypaBHEHH:

K2\
Q% =(H;— H, )_1_11_
K2
Q= (. —H)Z 3> (288)
2
Q2= (H, — H,)%
lg j
rue H,— nbesoMerpuyeckuit HaMop B TOUKE COEAUHEHHUS BCeX

Tpex TpyGomnposoxos (Touka O, puc. 114);
Ky, K; n K3— pacxoaHble XxapakTepUCTHKH TpyGompoBonos AB,
BC u BD;

ly, {5 B I3 — uX IJIUHBI.

B 3aBucuMocTH 0T cooTHOMIeHWH Mexay Hamopamu Hi, Hs, Hj
v H . BO3MOXKHBI CJIeAyIOllne Cayyan
HanpaBJ/IeHHs ABHKEHHS KUIKOCTH:

1-i caywaid. H{>H,;, H,>H,;
H,>H, Pacxogpn xuixoctu @
u Qo B ypaBHeBusix (288) 6ymryT
[IOJIOXKHUTEJNbHE], 8 PacXof Q3 — oT-
punarened. CJenoBaTenbHO, pac-
X0J, KHAKOCTH Q) moctynaer us pe-
3epByapa I k Ttouke O, a pacxo-
el Q2 1 Q3 — ot Touku O cooTBeT-
CTBEHHO B pesepByapw [[ u [I1.
DTO 3HAYHUT, UTO KHUAKOCTb U3 [ pe-
3epByapa Oyner mnoctynats Bo [/
u [/]. Takum o06pas3om, MOMKHO CO-
CTaBHTb YeTBEPTOE ypaBHeHUe, He-
06x0auMOe JJisi pelleHHs] CHCTEMBI

Puc. 114 yYDaBHEHUH C YeTbipbMsi HEHW3BECT-
HEIMH Qi, Qq, O3 u H,:
Q= Q2+ Q..

2-4 caywali. Hy>H,, Hy>H,, H.>H,. B »stom cayuae
KHAKOCThL OYJIeT BHITeKaTh M3 pesepByapoB [/ M [/l u mnocrynarb
B pesepByap I/ B kosuuecte Qo = Q; + Q.

3-t caywait. Hy>H,; Hy> H,; H,= H;. Pacxonpl XHIKCCTH
Q, u Q2 GyAYT mOJOXHTENBHB, a pacxon Q, paBeH Hymo. B sTom
caydae [//] pesepByap Ge3meficTByeT, a MKHJIKOCTb IIOCTYNaeT H3
[ pesepByapa Bo /[. IlostoMy ueTBepTBIM ypaBHeHHEM SIBHTCA pa-
BEHCTBO Q; = Q..

Takum o6pasoM, aHaJUTHUECKOe pellleHHe 3aJaud O TpeX pesep-
Byapax CBOIMTCH K pelleHUI0 YeThipeX YpaBHEHHIl C HeThIpbMs He-
M3BeCTHBIMH. KpoMe aHa/MTHYECKOTO pellleHHsi, BO3MOXKHO etie rpado-
aHaJHTHYeCKOe, KOTOpOe HJJIOCTpHpyercs npuMepoM 31.

188



Mpumep 31. Tpu pesepyapa A, B u C coennHeHbl TpyGONpoBo-
namu AD, DB w DC. JInuHbl OTAeJBHBIX TPYGONPOBOLOB, HX JHa-
MeTpBl M Hamophl, CO3/laBaeMble OTJEJbHBIMH pe3epByapaMH, MOKa3aHbl

Ha puc. 115. Tak Kak
B VCJIOBHSIX Haulero npu-
mepa Ha > H,, H, > H¢
u H,>Hpg, 10 pesep-
Byapel B u C nuTaworcs

A
T
Hy=60m c

~
H ~T :: -
4, 1000m rx =500~

us pesepsyapa A. }_ Hz10m
IlpenBapurenbHo 10 T g, 750m% D 150 -
Tabannam onpeae/um %
pacxopiHble  XapakTepH- Hg~20m
CTURH TpYyGOIPOBOJIOB X “p
AD, DB u DC v 3HaueHHs! BeHUMH —ue:
« Vi Puc. 115
—L =5,22;
Vi
L 711 K _ 4,9
Ve 7 s

3arem, nNpHHUMas psJ SHAueHHH Nbe3oMeTpHYecKoro Hamopa I,
B IpejesiaXx 3aJaHHOTO YCJOBHS Daclpejie/ieHHsl HamopoB MO op-
myJe (288):

K2
Q% =(Ha—Ha 7
K2
%z(Hx '—HB)T;;
Q% = (He—He) 2

[

BBLIUAC/JUM COOTBETCTBYWOIIME MM pacxonsl TpyGomposonos AB, BC
u CD. o paHHBIM pacuyera mocTpouM KpuBble Qa =f(H,) u Qp +

Ta6auma 8 4+ Qc =f(H,). Touka nepeceue-
PesyabTathl nojc4eToB K mpumepy 31 HHSI 3TUX KPHUBBIX JaeT HCKOMOe

pelieHye, Tak KaK 10 YCJOBHIO
H, | Q4| Q3 | Q |Q+Q@c Qa= Qs+ Qc.Pesysratsinox-
CYeToB cBejieHBl B Tabja. 8 U
NpeJCTaBJeHsl T
20,0 [ 330 | 00| 135 135 gcﬂ 116 pagueckit  Ha
250 | 309 | 159 | 165 | 324 puc. :
300 | 984 | 225 | 190 | 415 ITo rpaguky, mpexcrasiento-
400 | 233 | 31,8 | 233 55,1 My Ha puc. 116, HaxomguM, UTO
50,0 18,3 ig.g 58"1’ 5752313 paBeHcTBO Q4 = Qp-- Q¢ co-
60,0 | O, : ' ’ 6monaercsi npu H, =24,5 m,

yemy coorserctByer Q4 =31,0 s/cex. Boraucamm no dopmymam (288)
pacxogsl xuakoctH Qs U Q¢ Qp=15,1 alcex u Q¢ = 16,2 2/cex.
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Takum  o6pasom, (Qa— Qs — Q¢)=(31,0—15,1—16,2) =0,3,
YTO CBHUJAETEJILCTBYET O BIOJIHE NOCTATOYHON TOYHOCTH I'paHUeCKOro
peluenus.

NG~ 1te) pd
N 03+ gc=///,/z ) \//
e AN
30 ;@5///;3/« Hy
20f — = -1
70 flx =24, 5 //5 ]
J l Y am,as*gc
0 10 20 30 40 50 60 70%cex
Puc. 116

§ 47. TWIPABJIMYECKHU¥ YIAP B TPYBAX

Tudpasauseckum yoapom Hasbieaemcs pesKoe uaMeHeHue Oasierua
6 HanopHom mpybonposode eciedcmeue 6HE3ANHO20 USMEHEHUS CKOPOCHILL
Osuoenus HCUOKOCMU NO 8PeMeHU.

ITpennosnoxuM, 4YTO B HAmOPHOM TPYOONpPOBOJAE  IBHXKETCS
xugkocTb. [lpexpaTuMm BHe3amHO ee ABMXKeHHe, HanpuMep, MoCpen-
CTBOM 3aKpHITHA 3aJBHKKH. B pesysbTrate OCTAHOBKU [BUKEHHS
NIPOM3OHZET pe3Koe IIOBBIIIEHHEe JaBJEHHS B TpyGe BCJAEACTBHE Iepe-
X0Jla KMHETHYECKOH SHEepPrHy OCTAHOBHBILHXCSI CJOEB XKHJIKOCTH B HO-
TEHIHAJbHYIO 3SHEpPrui cxatoil »xujakoctd. Ilpm sTOM B mnepByio
ouepefib JAaBJIeHHE YBeJHYHTCH HeMOCPEeJCTBEHHO Y 3aJBHXKKH IOC/e
OCTaHOBKH IIePBBIX CJIOEB KHMJKOCTH. 3aTeM, IO Mepe OCTaHOBKH MO-
CleNYIOMUX CJI0eB, yBeIHYeHHe AaBjeHHs Gyner GHICTPO pacnpocTpa-
HATBCSI BBEPX 10 TPYGONPOBOLY, CO3/1aBasi BOJIHY NOBLILIIEHHS JaBJeHHs.

IloppimeHne  fAaBJjieHHsl, DPAclOpOCTPaHsisick 1O TPyGONPOBOLY
¢ GOJIbIION CKOPOCTBIO, BEIBBIBAET CXKATHE XKHUAKOCTH M paclliHpeHHe
CTEHOK TpYyObl. YKasaHHas ynpyras jaedopmaiusi *HJIKOCTH ¥ TPYGhl
[POUCXOJHT CO CKOPOCTBIO DAaclpoCTPaHeHHs MHOBLILEHHS JaBJeHHs
no aauHe TpYGBl. Ckopocme pacnpocmparenuss ynpyeux Oepopmayuil
HA3bI6AEMCA CKOPOCMbIO pacnpocmparenus yoaproti 6oaxel. Tlocne Toro
KaK OCTAaHOBHTCS TOCJCAHHE CJOH KHUJIKOCTH Yy pe3epByapa, H3 Ko-
TOPOro HayuHaeTcsl TPYOONPOBOJ, JaB/leHHe Y 3aJBHKKH IOCTUTHET
CBOEro MaKcuMyMa. XapakTep IIOBBILEHHSI [aBJieHHs] Y 3aJBHKKH
NoKa3aH Ha CXeMaTHYeCcKOH «yJapHOH puarpammes (puc. 117), u3
paccMOTpPeHHs KOTOPOH CJIelyeT, UTO IOBBHIIIEHHEe NaBJEHHS Y 3aJBHXK-
KM TIPOMCXOJUT He B CaMOM HayaJle yjapa, a uepe3 HEKOTODBHIH,
npaBja, BecbMa MaJibli, NTPOMEXKYTOK BpeMeHH OT HauaJsa IOBBILEHHS
JaBneHuss. OT0 OODBACHACTCS TeM, YTO SsBJIEHHE yjJapa INpPOUCXOJHT
B ynpyroii cpefe.
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Takum o6pa3oM, Iocje OCTAaHOBKH IIOCJENHEro CJOsi BCS 3KHAKOCTb
B TpyConpoBoje Oyzer cxkara. Ho Tak Kak B 3TOT MOMEHT HaBJjieHHe
B pesepByape OyJeT MeHblIe AaBJCHHA B TpYOONPOBOJE, TO KHIKOCTb
NpUZIeT B JBHXKEHHe [0 HAIpaBJeHHIO K pesepByapy. B pesyabrare
IIPOH30HIeT pe3Koe NMOHMIKEHHe NaBJeHHsA B TpybompoBoje. [Toruorce-
Hue 0agaeHus, nepedarouieecs Om CA0A K CAOK0 U PACHPOCMPAHAIOLeecs
no Hanpagreruro K 3a0sudicke, Ha366aemcs 0bpamrol yoapHotl eoiHol.
Bpems mnpo6era mnosioxHTeJNbHOH H

o0paTHOH yIapHHIX BOJIH COCTaB- 1P
JISieT JJIMTENBbHOCTh (Das3bl THAPABJIH- }'---~-
uyeckoro ypaapa. Koraa pasienue

CHH3UTCH BO BCeM TpyGoNpoBoe, Praxc

JKHUJKOCTb OCTAHOBUTCS, HAXOISCH } /\ ¥

\
NOJ NOHHKEHHBIM JaBJjeHdeM. [lpu 2, L_J_‘_pmun n
3TOM TOJIOKEHHH, KOrja JasJe- , -
HHe B Tpy6ompoBone Oyler MeHb- 1
e, 4YeM B pesepByape, HadyHETCS Puc. 117

o6paTHOe JBHIKEHHE IKHAKOCTH K
3aJBHXKKe C BOCCTaHOBJICHHEM CKOpOCTH U JaBJIEHHS, a MOTOMY CHO-
Ba Tpousoiijer ruapasiudeckuii ypap. OH Oyner XapakTepuso-
BaTbCA MEHBIIHM TOBBIIIEHHEM JaBJeHHs, TaK KaK 4acTb SHEPrHH
norepsaHa. 3a 3Toll oOpaTHOH ynapHOH BOJHOH moc/eAyeT Apyras,
T. €. MOBTOpPUTCS (pba3a THUJpPaBJHYECKOro yaapa u T. X.

OnucaHHBIl TIponecC MPOHCXONMUT YpPe3BBIYAHHO OHICTPO, TaK Kak
CKODOCTH paclHpOCTPaHEHHsi yHApHOH BOJHBI oueHb BesqHKH. Ilotepu
SHEePIrud, CONYTCTBYIOMIME KoJebaTelbHOMY IBHMKEHHIO KHJIKOCTH,
IPUBOJAT K IOCTENEHHOMY 3aTyXaHWI0 JaHHOro npounecca. Ha puc. 117
CXeMaTHYeCKH MOKa3aHa JMarpaMMa H3MeHEHHs JaBJieHHsl IPH THJ-
paBJMYecKOM YJape B 3aBHCHMOCTH OT BDeMeHH, KOTopas IIOKashlBaeT,
4TO TOBHIIEHHE JaBJIEHHS INpPH THAPABJIMYECKOM YJAape MOXKeT BO
MHOIO pas MpeBHINAaTb JaBJeHHe, HMelollleeCs B YCJOBHSX CTaTHuYe-
CKOro Hamopa.

Brepeble sBJeHHe THApaBJAMUYECKOrO yAapa 3KClNePHMEHTaJbHO
U TEOpeTHYeCKH ObLIO H3Y4YEeHO H3BECTHBIM pPYCCKHM YYeHBIM Ipod.
H. E. JKykoBckum, XoTopwlii B 1898 r. co3nan Teopuio THAPaBJIH-
yecKoro yjapa. Jra TeOpHs He TOJbKO He YcTapeJja, HO SIBJISIeTCS
OCHOBOH BCeX HCCJeJOBaHHH B NaHHOH obJjactH. TpynamMu cOBETCKIIX
yueHbIX TeopHs JKYKOBCKOro HOJBepriach jajbHeiimell pa3paborke
H YCOBEpIIEHCTBOBAHHIO 33 CYET MOMOJHHUTEJbHOIO yyera HeKOTOPBHIX
cakropos, koropeiMd H. E. JKykoBcku#i B cBoeM oOLIEM pelIeHUH
CYuTaJ BO3MOXHEIM IpeHeGpedb.

Teopuss ruppasanueckoro ygapa H. E. )KykoBckoro

IIpu BBIBOJAE OCHOBHBIX 3aBHCHMOCTEH TI'HIPaBJHYECKOro yjapa
H. E. )KyxoBckuil noJib3oBaJjicss TeOPeMOH O KOJHMYECTBE JBIIKEHHS.
PaccmorpuM HeKOTOPHIE CJIOH (OTCEeK) OCTaHOBMBILEHCS KHJIKOCTH,
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B 00JIaCTH KOTOpPOro NPOHU3OMIJNK MOBBIlieHHe JAaBJCHHA M pacliupe-
Hye CcTeHOK TpyOu. Ilpenmonoikym, uyto 3a Bpemst Af Mex[Jy ceye-
susiMu /—J u 2—2 Ha JJMHe Ax NIPOM3OULJIO pacliHpeHHe CTEHOK
Tpy6sl (puc. 118). O6o3HayuM CKOPOCTb pPAacHpOCTPAHEHHs] YIPYTHX
%e(bopMaum”l (ckopocTb pacnmpoCTpaHeHHsi YHApHOIl BOJIHBI) yepes C.
orzna

Ax = c Af.

Puc. 118

[lpennonoxum, YTO 0O paciiHpeHHss OO0BEM JKHIKOCTH MEXAY
ceueHusaMd I—I7 u 2—2 Haxomutcsd NOX JaBjeHueMm p. Ilpu 31OM
Macca OTCEKa COCTaBJISIET

m = polx. (289)
Korpma paciiupenne cTeHOK TpyObl 3aKOHUYHJIOCH, JaBJIEHHE HOCTHIJIO
3HaueHuss p’ = p - Ap. OOBeMHBII BeC KUIKOCTH YBEJHUYHJICH JO
p'g=rpg-+ Apg W muOmAanb XKHBOFO CeueHH — 10 o = o 4 Ao,
3HauuT, W Macca JKMJIKOCTH B OTCEKe BO3pOCJia IO

m' =m--Am = (p + Ap) (v 4 Aw)Ax.
Takum o6pasoM, yBeJHYeHHe MacChl COCTaBJISET
Am=m'— m = (p + Ap) (0 4- Aw) Ax — pwAx = Ax(pw 4 pAw 4
+ 0Ap 4 ApAo — pw).

[peneGperass mnpousBeleHHeM GECKOHEUHO MaJsblX BeIHUMH ApAo,
OKOHYATeJIbHO MOJIyYUM

Ap Aw Ap Ao
Am = polAx (= —) = puligl i)
m =po x(P+®) m(p—i—w)

PasfenuB JeByi0 1 TNpPaByl 4YacTb IOJYYEHHOIO BBIPAXKEHHMA Ha
BEJIMYUHY Macchl m, KOTOpoil obsianan orcek [—I u 2—2 po ysenu-
YeHHSs, IOJYYHUM OTHOCHTEJIbHOS YBeJHYEHHe MacChl

Am A A
Sk 22 (290)

.

m p [}
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CnenoBaresbHO, OTHOCHTEJIBbHOE YBeJNHYEHHe MacChl PAaBHO CyMMe
OTHOCHTEJIbHBIX YBEJHMYEHHH OGBEMHOro Beca KHAKOCTH H MONepeu-
HOro cedeHHs TPYOONpPOBOAA, KOTOpble COOTBETCTBYIOT YBEJHUYEHHMIO
JaBjeHHs Ha Ap.

CorsacHo 3axkony [yka,

e _2p 291
> =L, (291)
raie £, — MOAyJb NPOROJBHON YIPYTOCTH KHIKOCTH.

C npyroil CTOpPOEBI, Take B COOTBETCTBHH ¢ 3akKoHOM [yka,

Ad __As

7 = F (292)
raie Ad — yBennyeHue auamerpa TpYOHI;
Ac — yBesiMYeHHE PACTATHBAIOIMMX HANpSKeHHH B CTEHKax Tpy-
GonpoBoJa MpPH YBeJWYEHHH AABJEHHs Ap;
E — Monysb NpOJOJBHOR YHNPYrocTH MaTepHasa, H3 KOTOPOro
cnenad TpybONpOROL.
W3 rujppoctaTMKH HM3BeCTHO, YTO CHJIa THAPOCTATHYECKOIO JaB-
JIeHHsl, KOTopasi CTpeMMTCS pasopBaTth TpyOy, paBHa

AP = dAlAp,

rie Al — pavHa 3JeMeHTa Tpy6GONpOBOA.

Onpenenum yBeJHYeHHe pACTATMBAIOUIMX HANpsKeHHH, JeHCTBY-
IOIKMX B IVIOMAAAX IPONOJBHOIO CedyeHHs] CTeHOK TpyGonpoBoja,
B HallleM cjydae:

AP dAlAp  Apd
Ao=omm = 2am = 2 ° (293)

rre ¢ — tosmmMHa creHOK TpPyO6ul. IloxcraBnsas Bulpaxenue (292) B 3a-
BucHMOCTb (293), mosyyum

Ad  Apd
7 =55 (294)

OﬂpeﬂeJIHM OTHOCHTEJIbHOE yBe€JIMYeHHe IJIOoLIaJH:

Ad

2—.

U T

ho  TUEFAMP =7 @y ogngt @dp—a2

- nd? - d? -
4

Ecan npeneGpeus KBafpaTtoM OECKOHEUHO MaJiod BeauuuHbl (Ad)2,

TO MOXKHO TOJYYHTD

(0]

Ad  Apd
- =27 (295)

Tenepb BblpaSHM OTHOCHUTEJIbHOC YBEJHUYEHHE MaAcCChl KHAKOCTH
uepe3 BeJIMUMHBLI, XapaKTepU3YIOllHe MOoNepeyHHe pas3Mepsl Tp yGorpo-
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BOJa, MaTepHas ero CTeHOK, NaBJjeHHe M pox xkuakoctu. as storo
NOJICTaBHM 3HAYEHHs] BeJHYHMH, BXOAAIWHX B 3aBHcuMocTb (290), co-
raacHo (292) u (295):

Am 1 d

M Ap = 1 2.

w =AM et (296)
Ecnu uyepe3 v ©603HAUNTb CKOPOCTb XKHJAKOCTH B TpyGompoBoOie 1O
ero pacliHpeHHs, TO TNOCJEe pactlMpeHHsl B oTceke [—I u 2—2 cKo-
pocth Oyaer paBHa v -+ Av. OmnpefesuM HM3MeHEHHE MacChl KHIKOCTH
B OTCEKe yepez CKOPOCTb, NPHHAB HaNpaBJeHHe OCH X NPOTHB Teye-
nusa (puc. 118). Torgaa

Am = ppwAf — poAf (v + Av) = — pAoxAf.

PazjenuM 1osyueHHOE BblpaxkeHHe I/ Am Ha BhlpaxeHHe JJIs
Macchl m N0 3aBHCHMOCTH (289):

Am _ —pAvwAt  AvAt

m ~ pedx Ax °

Tak kak Ax = cAt¢, T0

Am AvAt Av
m T T A T T o (297)
[lpuMeHnM K Macce KHMIKOCTH, HaXOAsALIeHCS B OTCEKe MEXIY
ceueHnsamMu /—I u 2—2, TeopeMy O KOJHMYeCTBe JBHKeHHs. IIpoek-
IHSl M3MEHEHMs| KOJIHYeCTBA JIBHXKEHHS MacChl JXHAKOCTH Ha OChb X
{(ecain nmpeHeGpeyb BecbMa MaJslbIMH H3MEHEHHSIMHI BEJMYMH p ¥ o) 6y-

Jet paBHa
— mAV = — poAxAv = — pwcAi Av. (298y

ITpoexuus uMNyJabca CHJ [ABJEHHS 3a TO Ke BpeMsi paBHa
o - Ao (p -+ Ap) At — opAt = (op + 0Ap + pAo - ApAo — wp) Af .

Ilpenebperass 6GeCKOHEUHO MaJIOH BeJHYMHOH ApAe, a Takxke BhIpa-
JXeHneM pAe®, KOTOpoe MaJjo IO CPaBHEHHIO C BeJIMUMHOH oAp, Io-
Jyuaem

0ApAf = — pwcAtAv, (299)
NJin
Ap cAv
> =T (300)

MMepemuoxuv ypasuenusa (297) u (300):

AvAp _ Apcdu (1 d
g g \E EB) ’
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HJINn

Eo

1 E

s _ _ P
©= 4 | B
EETm 'tTE

Vi3Biekasi M3 Moc/eHEero BbIpa)KeHHsi KBaJpaTHBIl KOPeHb, MOJYUUM
nspectayio ¢opmyay H. E. )KykoBckoro A/s CKOpPOCTH pacrpocrtpa-

HeHUs1 yRapHOH BOJIHBL:
Ve

c= V1+

E, .
Bripaskenne ]/—p—" npejcTaBjasieT cob6oil CKOPOCTb pPacnpoCTpaHeHHs:

(301)

ynpyrux jedopMauuii B KHAKOCTH C IIJIOTHOCTBIO p H MOXYJeM
ynpyroctd £, Jlna Bomwl

Co = V%’ = 1425 m/cex.

CnenoBateNbHO, 1Jf cJayuasi, Korja IO TpPYGONpOBOLY ABHKETCS
Bona, ¢opmyaa (301) mosnydaer takoe BbIpaxKeHHE:

-1 (302)
Eqd
V Y+

OnpenenyM BeJHYHHY JaBJEHHs, BO3HHKAIOUWIETO NMPH THAPABIIH-
yeckoM yaape, no Bbipaxkenuio (300), B koTtopoM 3HaueHus Ap u Ay
3aMeHHM HX IuddepeHHantamu:

dp cdv

s dp = —
ez p = — pcdv.
Wurerpupysi 2T0 BbIpaXKeHHe, NoJyyaem

p — po = —pc (v —v,), (303)

rje p, U U, — IaBJeHHS H CKOPOCTH, COOTBETCTBYIOLIME HAYajibHOMY
MOMEHTY INepel yAapoMm.

Vs dopmyaer (303) crepyer., 4To MaxkcHMaJbHOE JaBJIEHHE TMpH

THPABIMYECKOM YJape HMEeT MeCTO B CJyyae yMeHbIIEHHS] CKOPOCTH
JKUAKOCTH 10 HYJs, T. €. OpH v =0

P — Po = pU,cC. (304)
[onyuennas copmysaa (304) ectb usBectHas ¢opmyaa H. E. XKy-

KOBCKOTO J/Ii OTIpe/iesieHnsi HAHGO/IbIIero JaBJeHHs IpH THAPABIIH-
geckoM yaape. OHa crnpaBel/IMBa NPH TaK HAa3LIBAEMOM np;mom THJA-

paBJIMYeCKOM yJape, HJIATEJbHOCTh (haskl KOTOPOro T=—C- GoJibiie
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BpeMeHH 3akpbiTiia TpyGonpososa T3, 1. e. T >T, ro 3Hauur,
YTO OTpaXeHHasi BOJHA MOROHAET K KOHLY TPYGbl B TOT MOMEHT,
Korja 3ajBHKKa yxKe GyIeT MOJHOCTbIO 3aKphwita. st mpousBojaCTBa
pacueroB no cdopmyne (304) B Taba. 9 mpHBOmSTCA 3HAUYEHUS CKO-
POCTH pacnpoCTpaHeHHs! YJApHOH BOJIHBI ¢ JJIsi CTAHJApTHHIX pasMe-
pOB UYI'YHHBIX TpYG, BbluHCIeHHble npu E = 10% ke/em® u E, =

= 21000 xe/cm?.
Ta6aunma 9

3HayeHMsI CKOPOCTH PACNPOCTPAHEHUS YIAPHO# BOJHBI

HOunamerp Tommuna Huamerp Tonmuna

TpyObl, MM | CTEHOK, MM ¢ mfcer TpyOBl, MM | CTEHOK, MM ¢ mfcex
50 7,0 1328 250 11,5 1187
100 8,5 1289 300 12,5 1167
150 9,5 1255 600 18,0 913
200 10,5 1209

Tak xak GoJblIHe AaBJeHHsl, BO3HUKAIOUIME NPH THAPABIMYECKOM
yJlape, ONacHBl IJs LEJOCTH TpyO, TO CyMECTByeT MHOTO MeTOIOB
6opbObl ¢ THApaBAMYeckKuM yaapoMm. Tak, Hanpumep, BeJNHUYMHY [aB-
JIeHHs! NPH TI'HApaBIYecKOM YAape MOXKHO 3HAYHTRNbHO YMEHbUIHUTb
3a CYyeT MeJJIeHHOTO 3aKpHITHA TpyOGonpoBoja.

Ilpn stoM BennuMHA JaB/eHHS ONpeJesdercd MO0  cleaytome i
npuOJHKeHHOH dopmyJe:

p=pUsCr, (305)
3
rae T — pautensHocTh ¢asbl yAEpa;

T3 — BpemMs 3aKpbITHSI, CeK.

Bosee TouHble MeTOABI pacyeTa HENPSIMOTO YAapa H3Jaraiorcs
B CIenHaJbHBIX Kypcax.

['uapaBiuyecKHid yjpap MOMKer BO3HHKAaTb B pe3yJ/ibTaTe TaKHX
NPHYHH, BJHSITb Ha KOTOpble He MPENCTaBJIseTcsl BO3MOXKHBIM. Tak,
HalpUMep, BHe3alHOe IIpeKpallleHHe TMOJauyd 3SHeprud K Hacocawm,
BKJIIOYUEHHBIM B CHCTEMY HamOpHBIX BOJOMNPOBOJOB, BBI3bIBAET THJPAB-
JIMYeCKHH yHap, TaK Kak IMocje BHe3almHOH OCTAaHOBKH Hacoca [1aB-
JIeHHe B BOJOBOJE PE3KO Iafaer 10 CPaBHEHHI0 ¢ paGouuM, a 3areM
ObICTPO MOBHILAETCS JO BeJHUMHBEI YIapHOTO.

[TostoMy B HacTtosiiee BpeMsi NDHMEHSIOTCS ClelHaJbHbE KJa-
NaHbl-racuTe]d THAPABIHYECKHX YJapoB, KOTOPEHIE aBTOMATHYECKH
OTKpPBIBAIOTCSl NPH MOBBLIIEHHH MJH MOHHXKEHHH JaBJEHHS IIPOTHB
HOpPMaJIbHOTO H CGpPachIBAIOT YaCTh BOJEI H3 TPYOOIPOBOA, TEM CaMbIM
cHHXKas jaBjeHue. VI3 oTeuecTBEHHBIX KOHCTPYKUME CJeJYeT OTMEeTHThb
aBTOMATHUECKHH KJallaH-TaCHTeNb T'HJAPABJIHYECKHX YIapOB CHCTEMB
«YxkpBoareo» koucrpykuuu B. M. Ilanmna. [eiicTBHe KjamaHa OCHO-
BaHO Ha TI'MIPABJHYECKOM IpUHIMNE (OTKPHIBAeTCH NPH IOBBILIEHHH
JaBJIeHHsl W 3aKpbIBaercsl NMocjie CPaGOTKH TMOBBILUEHHOrO /aBJEHHS).
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Mpumep 32. Onpenenutb CKOPOCTb pacHpOCTPaHEHHs] YAapHO#
BOJIHB M BeJIHYMHY IOBBILEHHS IaBJIeHHd NPH I'HApaBJHYeCcKOM yjape
B TpyGoONpoBOje, COCTaBJEHHOM M3 CTaJbHBIX TpyO auamerpoM d =
= 600 mm, npu ToO/NMHE CTEHOK O = 10 MM M CKOPCCTH JBHKEHHSI
Bonbl v, = 2,50 m/cex. I'napaBianueckuii ynap NpPOHCXOIHUT B pe3yJib-
TaTe BHE3ANHOTO 3aKpPbLITHS 3a[ABHIKKH.

N
N

}l‘m‘ | ‘\ =i

B amriocgepy

——

Puc. 119

Kospduuuentst ynpyroctu: aas cramu F = 2,10° «ke/em®, pis
Bonbl £, = 2,07* ke/cm*. Tlo cdopmyne (302) mosayuum

. M® _112_5_’__ = 1119 m/cex
Eod V 2,075 - 0,6
V‘T Ev L+ 5105 0,01
H p = puge = 102,8 9,81 - 2,5 . 1119 = 2825000 #/m?.
Ha puc. 119 nokasaHa cxema aBTOMATHYECKOI'O IacHMTeJsl THADAB-

JIMYECKHX YAApOB CHCTeMbl «YKpBoAreo» (kKoHctpykuuu B. M. Tlanu-
Ha), KOTOpbIH yCTaHAaBJMBAETCSl Ha BOJOBOJE IOCJ/ie OOPaTHOrO KJanaka.
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[Ipunuun AeHCTBHS racuTeNss OCHOBAH Ha TOM, 4TO MPH HOP-
MasbHOi paGoTe BOAOBOJA FacHTeNb 3aKPLIT, TaK Kak pabouee nas-
JleHHe, mepenaioiieecs uepes TpyOku I u 4 u pacnpeienutesb 3 8
HaANOPIIHEBOe MPOCTPAHCTBO racuTess 8, NPUKHUMAET KJAanaH BHH3.
3710 Ke NaBjieHue NeHCTByeT Ha KjanaH K CHH3Y, HO Tak Kak IUIO-
mWafb KJanaHa MeHblle MJOIMAAH MOPLIHSA 5, TO racuTesb Haxo-
JIHUTCS B 3aKPBITOM COCTOSIHHUH.

Tlpy BHe3amHOM BBIKJIOYEHHH Hacoca JaBJieHHe B BOJOBOJE [0
00paTHOro KJialaHa najaet H Noc/efHHil 3akpbiBaercs. Ilanaer takxe
NaBJieHHe M B HaAMopiiHeBOM npoctpancTse 8. [laBienue ke nocue
0o0paTHOro KJialaHa cHayaJja TajfiaeT, a 3aTeM B pe3yJibTaTe THIpaB-
JIMYECKOro yjapa HauuHaeT noaHuMarbes. IloaHumaroieecsi jJaBieHue
OTKpbIBaeT XJanaH K W coelHHsieT BOJOBOA CO COpOCHOH Tpy6oil 7.
BesienctBue storo jpassienue He MOXKeT MOJHSITbCS Bbillle 3aJaHHOM
BeJHYMHEEl (OGBIYHO paGouyero WJH CTAaTHYECKOro JaBJ/eHHs), H yaap
JUKBHIMpYeTcs. 3arteM TOpIIHM  paclpelesuTesis NepeMelaloTcs
B HH)XKHEE II0JI0KEeHHe I HaJNOpUIHEeBOe MPOCTPAHCTBO TaCHTeNs COo-
€[HHsIeTCs1 ¢ BOAOBOJOM Nocje ofpaTHoro Knanasa. [lasnienue Bofo-
BOJAa TmepejaeTcsl Ha MOplUeHb TracHTeIsd W racuTe]b HayHHaeT Mej-
JIEHHO 3aKpbiBaThbest. CKOpPOCTb 3aKpPbITHSL DPETyJIMPYeTcss MacJfHbIM
TOPMO30M 6.

Iocse sakpbiTusi racutefiss M MNycKa HacoCOB pachpelesuTesb
BHOBb [I€pEK/IOYaeTcss B BepXHee MOJIOXKEHHe, H TracHTe/lb BHOBb
FOTOB K JEHCTBHIO.

I'ara6a cedomasn

MCTEYEHHUE )XMIKOCTH YEPE3 OTBEPCTHSl, HACAJIKH
1 BOAOCJIMBbI

B uHXenepHOil npakTHKe 4acTo NpPUXOAMTCS PaccMAaTpHBaTh BOI-
pOCBl HCTeYeHHsl KHMAKOCTH Yepe3 OTBEePCTHs pa3fHuHblX GopM H pas-
MEepOB, Yyepes pas/MyHble KOPOTKHe NaTtpy6GKH, HasblBaeMble Hacaika-
MH, a TaKxke uepe3 BONOCJAUBBL. [IpH 3TOM HCTeueHHE MKHAKOCTH
MOXKET NPOHCXOAHTb B arMocdepy (He3aTON/EHHble OTBEPCTHS) HJH
TOJL YPOBEeHb (3aTONJIEHHBIE OTBEPCTHA) NPH INOCTOSHHOM HJIH Iiepe-
MEHHOM Harope.

§ 48. KJACCHOHKAUHKHSA OTBEPCTUM H OCHOBHBLIE XAPAKTEPHCTHKH
HCTEYEHHU

B ruzpaBiuke pasiMyaloT HCTEUEHHS] Yepe3 OTBEPCTHs B TOHKOIl
CTEHKE M HacajJkH; B 3aBHCHMOCTH OT YCJIOBHIi CXKaTHsi CTPyH Ha6JO-
Jal0TCs.  OTBEPCTHS. C COBEPLIEHHBIM M HECOBEPLUCHHLIM CXKATHEM,
a TaKk:Ke C NOJIHBIM H HENOJIHBIM CXKATHEM.
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OrBepcTHeM B TOHKOH CTeHKeE Ha3blBaeTcsi TAKOe OTBep-
CTHe, Kpas KOTOpOro HMEIOT OCTPYIO KPOMKY, NpUYeM TOJIIHHA CTeH-
KM He Bjusier Ha (opMy H ycsoBus ucreyeHusi crpyu. CrepoBaresib-
HO, XMJKOCTh, IIPOTEKAIONasi Yepe3 OTBEPCTHE B TOHKOI CTeHKe,
UMEEeT TOJIbKO MeCTHhle TMOTepPH 3HEPrHU, aHAJIOTHYHbIE NOTEPSM 3HEp-
TUH NpU BHE3aNHOM CYXeHHH notoka (puc. 120).

Puc. 120 Puc. 121

Ha nexoropoM, nocTaToyHO GIH3KOM PacCTOSHHH OT CTEHKH oGpa-
3yercsi TaK HasbiBaeMOe CXKaToe CeyeHue, HMeollee HaUMEHbIIYIO
nJjomajb M NpPaKTHYECKH MapaJJiesibHO-cTpyiiHoe TeyeHHe. J[lanee,
CcTpys najaeT noj jefictBueM cuubl TskecTd. Ha pue. 121 nokasano
B OoJsibiioM Macmitade cxkatoe ceuenne C — C. Crpys, BbITeKaromias
H3 OTBEpPCTHs, He COXpaHseT ero GopMy, a BCJEACTBHE AEHCTBHS CHJI
MOBEPXHOCTHOI'O HATSXKEHHS! IOCTelleHHO JedopMiupyercs. ITo fABJe-
HYe HOCHT Has3BaHWe MHBepcHM cTpyHd. Tak, Hampumep, CTpys, BbITe-
Kawoliasi M3 TPEYroJbHOTO OTBEPCTHS, NpPHHUMaeT (OPMY TPeyroJb-
HOH 3Be3fbl, a CTPyd, BBHITEKAIOIlas M3 KDYIJIOrO OTBEPCTHs, IOCTe-
NeHHO npuobperaer ceyeHHe 3JIHICA.

OTBepcTHEM C COBEpIIEHHBIM CXaTHEM HasbpBaeTCs
TaKoe OTBEpPCTHe, I'PaHHI Bl KOTOPOTO JOCTATOYHO YJaJieHbl OT [PaHHIL
XKHJIKOCTH B pe3epByape, NpHUYeM CTEHKH pe3epByapa He BJIHSIOT Ha
ycyoBHs cxkaTHsl cTpyH. ONBITOM YCTAaHOBJIEHO, YTO CTEHKH pesepBy-
apa BJHSAIOT Ha CXKaTHe CTPYH TOJBKO TOrJa, KOIjJa pacCTOsiHHe OT-
BePCTHS OT OOKOBO# CTEHKM HJH JiHA2 MeHblie TpeX AHaMeTpPoB AJisi
KPYTJIOTO OTBEPCTHSI MJIH TPEXKPAaTHOH BeJHYMHBl CTOPOHBI — JJIS
TIPSIMOYTOJIBHOTO OTBEPCTHS.

OTBepcTHeM C HEeCOBEpPIIEHHB M CX aTHEM Has3blBaeTcs
TaKOe OTBEPCTHE, OJHA WJIM HECKOJIbKO CTOPOH KCTOPOTO HaXOAATCS
Ha GJM3KOM PAacCTOSIHHU OT IOBEPXHOCTH JKMAKOCTH HJIH CTEHKH pe-
seppyapa. Ha puc. 122 orsepctue [ sBJasieTcs OTBEPCTHEM C COBEp-
UIEHHBIM CXKaTHeM, a OTBepcTHe [/ — OTBepCcTHEM C HEeCOBEpLUEHHBIM
CKaTHEM.
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OTBepcTHEeM ¢ NOJHBIM CXKaTHEM Ha3LBaeTcsl TaKoe OT-
BEPCTHE, B KOTOPOM CTPysi MCHBITHIBAET CXKATHE CO BCEX CTOPOH.

OTBepcTHEeM C HENOJNIHBIM CXAaTHEM HAsHBaeTcs TaKoe
OTBEpPCTHE, B KOTOPOM CTPYSl HE MMEET CXKATHSl C ONHOH WJIH HECKOJb-
KHX CTOpOH. IlpuMepoM OTBepCTHSI C HENMOJIHBIM CXKATHEM MOXKET CJIy-
JKUTb JIOHHOE OTBEpPCTHE, B KOTOPOM IO JHYy CXKaTHe OTCYTCTBYET,
a CTpys CXKHMaercsi TOJILKO € Tpex CTopoH (puc. 123).

J171s1 OLleHKH CTEeNneHH CKaTHs CTPYH

B THJpaBJHKe IpUMEHseTcsl IOHATHE
0 Kosdduumente cxartusag crpyn. Ko-
— b 7 T
- 436-TTa &L\_ L —1
? ! —’:—-5 e We
ty3a  ajly . |/
fé <Sa i |
9
Puc. 122

B(bQ)HllHeHTOM CXKaTusi CTPYH € Ha3piBaeTCss OTHOLIEHHE IIIOLainR

[0
CXKaToro CeyeHud K IO agH OTBEPCTHH w: (:c = &. OnpITOM YyCTaHOB -
JIEHO, YTO JJISi OTBePCTHH He6GOJbIIMX pPasMepoB C OCTPBIMH KPOMKaMu
e = 0,64-0,60.

B Manmix ortBepctusix (¢ pasmcpom cropoHsl He Gosee 0,1H) koaddu-
IIHEHT CXaTHf ¢ SBJSeTCs JOCTATOYHO IOCTOSIHHBIM, TOrja Kak B
60/1BIINX OTBEPCTHAX OH H3MEHSIETCS B 3aBHCHMOCTH OT psfa (akTo-
pOB, B TOM uHcJe OoT Hanopa H U pa3mepoB OTBEPCTHA.

§ 49. HCTEYEHHUE XMAKOCTH YEPE3 OTBEPCTHS B TOHKOHW CTEHKE

Ucreuenue yepes He3aTOoIJIEHHOE OTBEPCTHE

PaccmotpyMm cHauana cayuall MCTeYeHHSI KHAKOCTH yepe3 MaJioe
OTBepCTHe B BePTHKAJbHOH CTEHKE IpH NOCTOSIHHOM Hanope (puc. 124).
3lecb MOXHO INoJaratb, 4TO HANop BO BCeX TOYKax MONEPEYHOro
CeueHHs] OTBEPCTHS OJHHAKOB.

Tlpennosarasi oTBepcTHe KPYrJbiM, IIpPOBeleM IJOCKOCTb CpaBHe-
HHUsi A — A depe3 LEHTp TSIXKECTH OTBEpPCTHsl, MMelouiero Auamerp d.
O603naunM H. — reomeTpuueckuil Hanop Hal IJIGCKOCTBIO CPaBHEHHS;
h. — TomuuHy cTpyu B cxatoM ceyenun C — C. Hanuumem ypashe-
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BMe bBepunymmm pas ceuenns O — O(ypoBeHb CBOGOZHOH IOBEpXHO-
CTH) H cxaroro ceuenusi crpyn C —C:

Par 00 Par av
c+ s T T +C

rle vy, U Uc —-cxopocm B COOTBETCTBleHLHX CeUueHHUsX;
{ — X03(ppULMEHT CONPOTHBJEHHUS, YUHTHIBAIOUIMHA MeCT-

Hble NOTepH SHEePruH B IIpefiesiaX OTBEPCTHS.
3pece Mbl TOJIaraeM BO3MOXHBLIM B BHAY MaJIOCTH CeYEHHS CTPyH
CYHTATh JABJEHHE B CXAaTOM CeueHMH
C — C paBHBIM aTMOC(epHOMY, T. €. INpH- =
HHMATb Par = Pe. —_—-

g
O6osHauuM uepes H, NOJNHBIA Hamop — g ¢
HaJ, LEHTPOM THAXKECTH OTBEPCTHA: ic J_ /lc
AR =S
Hy=H.+ ?gjg . T?[v\\
Torna
2 o2 Puc. 124
cC C
Ho =55 +0g-

Orciona nosydaeM BbIpaXKEHHe JUJIsi CPeIHEH CKODOCTH B CXKATOM
ceuennn C —C:

1
Ve = l/ac—+7: V2gH, = ¢V 2gH,, (306)

1
re ¢ = l/ e KO3((}HIHEHT CKOPOCTH OTBEpCTHSI.
C

OnpesielnM pacxofi HAKOCTH, NPOXOJSIIEHl uyepes OTBEpCTHe:
Q = ov. = wep VQgH()'

OGo3HauuB e = p, MOJYYHM OKOHYATeNbHYIO (GOpMyJy pacxofa KHA-
KOCTH TNIPH MCTEYEHMH yepe3 MaJjioe OTBepCTHe:

Q =uw V' 2gH,, (307)

rie p — Ko3(p¢UUHEHT pacxoja OTBEpPCTHs, ONpejessieMblil ONbLITHLIM
nyTeM.

Jns Masblx OTBEpPCTHiI B TOHKOH CTEHKE C COBEPLICHHBIM CXKATHEM

KO3(h(HIIHEHT pacxoja » ABJSETCS YCTOHUNBLIM H COCTaBJISiET

p = 0,62 - 0,60.

[TosToMy Masible OTBEPCTHSi YacTO HCIOJb3YIOTCS KaK BOJAOMEpHI.
B ciyyae HecOBepIIEHHOTO HJIM HENOJIHOrO CKaTHf KO3((HUHEHT
pacxoia XHAKOCTH HECKOJIbKO mnoBblnaercs. JInsi yuera yKasaHHOTO
NOBBILIEHHs KO3((HLHEHTa pacXoia NPHMEHSIOTCS CHeELHaJbHbe 3M-
nHpHYecKHe (HOpMYJIBL.
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PaccMoTpuM Temephb cayuail MCTEYEHHS! XKHAKOCTH yepe3 GOJbLIOE
OTBEpCTHE B TOHKO# creHke. Eciu mpu HCTeyeHIH KHMIKOCTH 4Yepes
MaJjloe OTBEpCTHE MOXKHO ObUIO MpHHMMaTbh Hanop H B npepenax or-
BepCcTHs (paKTHUYECKU TIOCTOSIHHBIM, TO B GOJBIIHX OTBepCTHAX (TAe
pasMephl cTOpoH mNo BeicoTe Gosibiie 0,1H) Hanop B mpenenax HX ce-
UeHMH sIBJIsleTCs TNepeMeHHBIM: OT [{; B BepxHell 4YacTH OTBEPCTHSA
a0 Hy — B HmxHelt (puc. 125).

Jas Toro 4toGbl oOmpejeNuTb PacXof KHIAKOCTH uyepe3 GosbluOe
OTBEPCTHE C YyYeTOM IiepeMeHHOro Hanopa o rIJayOHHe, DPasoObeM
niomanb MNONEPeYHOro CeueHHst OTBepCTHs
Ha TOPH30HTaJbHBE MOJIOCKH BhiCOTOIO dh.
Kaxayio H3 NOJOCOK MOXKHO paccMaTpHBaTh
{ f A KaK MaJjioe OTBEPCTHE C ICCTOSIHHBIM Haro-
I 4 poM A u pacxonoMm

dQ = pbdh'V 2gh,

¢ rie b — mupuHa GOJbIIOrO OTBEPCTHSA, NPH-
HSITOTO HaMH INPSMOYTOJIbHBIM;
Puc. 125
. — K03(¢UIHEHT pacxoja «MaJjoros
OTBEpCTHS;
h — Hamop Haj LEHTPOM TSXKECTH MOJIOCKH.
ITpunumas p = const u nonaras, uto pacxoi KHIKOCTH, MPOXOAALIEH
yepe3 OTBEPCTHe, paBeH

H, —— — 3 3
Q=1pb (Vghdh = 3 pb )V 2 (HY — H"), (308)
Hy

rae H, u H; — npegens WHTErpupoBaHusi.
OGosnayum yepes H, TMOJHBIH HAmop Hal LEHTPOM TSHIKECTH OT-
Bepcrus. Torpa

H2=H0+%=H0<1+2"TO) i H1=H0——%=H0(1—Q%0),

rae a — Boicota orsepcrHd. [loacraBuM 3TH 3HaueHIsi B ypaBHe-
nue (308):

2 — 3 a \°/ a \%:
Q=§PbV2gH0/‘[(l+§Tﬂ) —(l—z—n.,) ]

Pa3noxuB B psiii BhIpaxKeHHsi, 3aKJ/IOUEHHble B KPYIJible CKOOKH, MO
6uHoMy HbloToHa UM orpaHuuMBasicb TOJBKO YeTHIPbMs YJIEHAMH,
OJy4UM

a \%: 3 a 3 a2 1 a
(liQHO) _‘li 2 YH, l 8 1 3+E8H3.
Torna
2 =— .3 a 1 2 1 @
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Benencreue Manoctd ujieHa o CpaBHEHHIO C eHHHLeH UM

96Hj
oObluHO mnpeHeGperatror. Torja nosyyaeM OKOHYATENbHYIO (HOpMYJTy
pacxolia XHUAKOCTH IIpU HCTEYEHHH 4YEpE3 6oJiblIOe OTBEpCTHE:

2 ————
HJu
Q = pob V' 2gH,, (309)

rae po = 2/3p. — K0>pHLUEHT pacxola MKHAKOCTH, ITPOXONSAMICH ye-
pe3 GoJiblLOe OTBEpCTHE.

Koagdpunuent pacxofa XHIKOCTH, NpOXolsAillell yepe3 GoJibline
OTBEpCTHs, KoJjebJeTcsi B IMIHPOKHX IpeleslaX BCJEACTBHE MHOIOYHC-
JIEHHOCTH ()aKTOpOB, BJIHMSIOUIMX Ha ero 3HayeHHe (pasMepbl H opma
OTBEPCTHS!, HANoOp, YCJOBHS MNOAXOAA, HECOBEPIUEHCTBO H HENOJIHOTA
cXKaTHs, Xapaktep oO0paGOTKH KpPoMoK H T. A.). B rta6a. 10 npuse-
JleHbl JaHHBle O KO3((@HIHEHTaX pacxofa XHJKOCTH depe3 GoJblLHe
oTBepCcTHsA, OOOOUICHHbIE M peKkoMmeHJoBaHHble akai. H. H. IlasJios-
CKHM JJIs1 TIpeJBapHTE/bHBIX DPacyeTos.

Ta6auna 10
KoapduumueHT pacxoga py At G0JbLIMX OTBEPCTHI

Tunw otBepcTHil o

OTBepCTHS{ CpeIHHX pa3MepoB CO CXKAaTHEM CTPYH CO BCeX CTO-

pOH IIPH OTCYTCTBHH HANpaB/IsIOUX CTEHOK . . . . . . . . . 0,65
Bospmne orsepctHa ¢ Hecosepmemmm, HO BCGCTOPOHHHM
CXKaTHEM . . . .. 0,70

JlouHrre OTBepCTHSI 663 cmama no IIHy Cco 3Ha‘JPITeJIbelM

BJAUSIHHEM GOKOBOTO CHKATHS . . . . o & « « o + . . .| 0,65~0,70
Honupie oTBepcTHsi Ge3 CxKaTHA IO nHy # e yMEHbllleHHbIM

BJHsIHHEM OOKOBOrO CXKaTHS . . . . . . .| 0,70=0,75
To xe Ge3 cxkatus no IHy H C BeChMA MUIABHBIMH GOKOBBIMH

OOAXOHaMH . . . . . .| 0,80=-0,85
To e Ge3 CKaTHA 1O ;:u-xy W C BECHMa MJIABHBIMH GOKOBBIMH

NOAXOAAMH K OTBEPCTUIO CO BCEX CTOPOH . .+ o o & o & o - . . 0,90

B cnyyae uHcTeyeHHS! KHAKOCTH H3 OTBEPCTHSl TNpH JaMHHapHOM
pexume Ko3(GHLUUEHT pacxola 3aBHCHT OT yHcia Re, T. e.
¢ = f(Re), NMOCKOMbKY NpH 3TOM pex<HMe MEeCTHble COMpPOTHBJIEHHS
3aBHcAT oT uuciaa Re. UwcioBble 3HaueHHs KovdpdHLHEHTa pacxo-
Ja p AJs pasJIMYHbIX BHAOB OTBEepCTHil, paGoTalollHX B YCJOBHSX
JIaMIIHapHOTO peXKHMa, YCTaHABJMBAIOTCS ONBITHBIM IYyTeM H TNpPHBO-
JATCA B CNeLMaJ/bHOH JiMTepaType.
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Hcreuenue yepe3 3aToNJieHHOe OTBEpCTHe

[lpu wucTeueHHH H3 OTBEPCTHA B TOHKOH CTEHKE MOJ YpOBEHb B
06/1aCTH BbIXOJa CTPYH M3 OTBEPCTHS 00pasyercst CKaToe CeyeHHe
C — C, B KOTOpPOM JaBJieHHE TOAYHHAETCS THAPOCTATHYECKOMY 38KO-
ny (puc. 126). CrefoBatespHO, B 3TOM CJyyae MOXKHO INPHMEHHTb
ypaBHenue BepHyanu. TIpeanonoxum, 4TO ABHXKEHHE sIBJIAETCS yCTa-

HoBuBlmMes. Hamnuem ypashe-
nue bepuyanu aas cevenuit I — 1

A u C —C (nnockocTb CpaBHEHHS
a p
1 7 O — O npoxoguT uYepe3 LEHTp
1 TSIXKECTH OTBEpCTHS):
A2 )18 p 10 P,
s Far 171 __re
S _H ve | U
0——- 7= 4 + ‘l‘C
4 alvf
HpeHeﬁperaﬂ HJEHOM —5 - BCIEA-
CTBHE MAJIOCTH €ro H omnpeje/sas
Puc. 126 IaBJeHHEe pc = Par -+ pgHs, 1O-
JIYYHM
P 1 H, p“+H44a+Q2
g 2 ¢ 2°
HJIH

2

(ac+C)2”—g°=H1_H2.

CnenoBatesibHO, cKopocTh B cxartoM ceuenuu C — C Gygler paBHa

Ve = ‘/;;‘ch2g(ﬂl — Hy) =9V 2¢(H,— Hy),

rje ¢ — Ko3((hHLUHEeHT CKOPOCTH.
Crpezenisisi pacxoj XKHIKOCTH B CXKAaTOM CeYeHMH, MOJydHM ¢op-
MyJy IJs pacxola NpH HCTeUeHHH 4Yepe3 3aTOMJIEHHOE OTBEPCTHE:

Q = weve = swv, = 90 V29 (H; — Ha) = po V' 2g (H, — Hz). (310)

INonyuennas dopmyna (310) ananoruysa dopmyJe s pacxofa M-
KOCTH TPH HCTeYeHHH Huepe3 Hes3aToIlJleHHoe oTBepcTHe. MHOrouuc/eH-
HbIMH HCCJIEHOBAHUSIMH YCTAaHOBJIEHO, YTO KO3((QHULHEHTH pacxoja
JKHJIKOCTH yepe3 3aTONJIEHHble H He3aTOIVIEHHble OTBEPCTHS IPAKTH-
YecKH OAMHaKoBbl. [losToMy npu pacyere 3aTONJIEHHBIX OTBEPCTHH
caelyeT NoJb30BaTbCsl YKa3aHHBIMM KO3(dHIHEHTaMH pPAaCXONOB s
HE3aTONJIEHHBIX OTBEPCTHH.
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§ 50. HACAAKH. KJIACCHOUKALHUSI U OBJIACTb NMPHMEHEHHA

Hacaoxkom wnaseisaemcs kopomkuil nampybox, npucoedure HHboLl
K omeepcmuio 8 monkol cmenke. Hacanku pmensitcss Ha TPH OCHOB-
HBIX THIA: UUJMHAPHUYECKHE, KOHUYECKHe W KOHOHJAJbHbIE.

Lunuunpuyeckie Hacaiku INpPEeACTaBJISIOT COGOH IHJHMHADHUYECKHE
naTpy6ky, uMelue MJIMHY MNOpsAKa Tpex — ueTblpeX AHaMeTpOB.
luaunppuyeckue HacajkM Neastcss Ha BHewmHue (puc. 127 a) m BHYT-
pennue (puc. 1276). Ilpn nBuXKeHHH XHIKOCTH BHYTPH Hacajgka oo-
pasyeres cxxaroe cedeHHe, B 0OJacTH KOTOporo HabJ/iofaeTcsi BaKy-
yM. O6pasoBaHue BakyymMa OOBbSICHSIETCS TeM, 4TO CKOPOCTH B CXKaTOM
ceueHun C — C GoJbllle CKOpOCTell B MecTe BbIXoJa CTPYyH H3 Hacaj-
Ka (ceweHue b — b), a moTomMy JaBsieHHe B CXKATOM CeYeHHH OyJaeT
MeHbllle aTMOc(hepHOro. 3T0 HENOCPENCTBEHHO CJjelyeT H3 YpaBHEHHS
Bepuysm. Tak kak

Ue > Us, TO Pe < Pars

rie v, — CKopocTb B cxkartoM cevenud C — C;

Us — CKOPOCTb B MeCTe BBIXOJa CTpYM H3 Hacajka;

pc — IaBJIEHWE B CXKAaTOM CEYEeHHH;

Par — aTMOC(EpHOE IaBJIeHHE B CEYEHHH 6 — 6.

B cBsisu c ofpasoBaHneM BakyymMa HacajoK yBeJHUYMBAET Ipo-
NYCKHYIO CHOCOOHOCTb OTBEPCTHsI. JTO fABJsETCS OCHOBHBIM HasHaye-
HHeM LUMJMHJApPHYeCKHX HacaikoB. KoHuueckne Hacajxky ObIBAIOT IBYX
poroB: pacxonsmuecs (puc. 127B) u cxopsmuecs (puc. 12771).

B KOHHYecKM pacXoismiuxcsi Hacaikax B OGJIacTH CXKaToro ceye-
HHA CO3JaeTcsl BaKyyM, Kak H B NWJIMHIPHYECKHX Hacalkax, HO
Gouibiiielt BeJiM4MHBL. IIpH 3TOM BeJIMYMHA BaKyyMa BO3pacTaeT C YBe-
JIUYSHHEM YIJ1a KOHYCHocTH. OfHaKo NpH 60JbIIOM yTJie KOHYCHOCTH
BO3MOXEH OTPLIB CTPYH OT CTEHOK Hacajka ¥, CJIeLOBaTeJbHO, CPHIB
BakyyMma. ONBITOM YCTaHOBJIEHO, YTO ONTHMAJIbHBEIH yrosl KOHYCHOCTH
cocraBJisieT 5--7°.

Konnueckn pacxopsiinecs HacajJKHM B CHJIY HAJWYHS PacLUHpEHHs
MOTOKA OTJIMYAIOTCH OT BCEX JPYruX BHIOB HAacaJKOB 3HAUHTE/bHBI-
MH noTepAMH 3Hepruu (cM. Ttaba. 11). Bmecre ¢ TeM pacxoxsimmuecs
HacaJKH HMeIOT MaJble CKOPOCTH BEIXOJAa BCJEACTBHE YBeJHYEHHS
nJomagy TomnepeyHoro ceyeHus: nortoka. CrenoBaTtesbHO, OTJIHUH-
TeJbHBIMH  OCOOEHHOCTSIMH  paCXONSIIIMXCS  KOHHUYECKH  HAacaJKOB
ABJIAIOTCA: 3HAYMTEJIbHBIH BakyyM, O6oJbluasi TNpPONYyCKHAas CIOCOO-
HOCTb, MaJble CKOPOCTH BbIXofa. [losToMy OHM  IpHMEHSIOTCS
TaM, rje Tpebyercsl MoJydeHHe 3HAUMTEJLHOIO BaKyyMa, Hampumep,
B 2XKEKTOpPax M HMHXEKTOpax, a TakXe rJe Heo0XOAUMEl Majibie CKO-
pOCTH BBIXOJa, HalmpHMep, B HOXKJEBaJbHBIX annaparax.

Konnueckn cxonsiuipecss Hacaiki uMeloT (OpMy KOHyca, CXOfsi-
lLerocs IO HampaBJIeHHIO K BBIXOLHOMY ceueHHio (pHc. 127). OcHos-
HOE Ha3HAYeHHEe KOHMYECKH CXOJSIHXCA HacaJKoB — YBeJHYHBATb
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CKOpPOCTh BHIXOJla TOTOKA [/ CO3JaHHsl B CTpye OOMbIIOH KHHETH-
YecKOH SHEepruM; KpoMe TOro, CTpys, BBIXOISALLAs W3 TAKOro Hacaj-
Ka, OTJIMYaeTcst KOMMAKTHOCTBIO M CIOCOGHOCTHIO Ha AJIMTeJLHOM pac-
CTOSIHHUM COXDaHsTb CBOIO (popMy, He pacnajascb Ha OTHeJbHble
Kanau. [lo3ToMy KOHMYECKH cCXojsliuecss HacaikKM TPHUMEHSIIOTCS B
KayecTBe COMeJ THIPOMOHMTOPOB M aKTHBHBIX THAPABJIUYECKHX TYyp-
6MH, HAKOHEUHHKOB NOXapHbIX OpaHACNOHATOB H T. A.

W),

Puc. 127

Kos(dpuiueHT pacxoia Hacaaka 3aBHCHT OT yrja KOHYCHOCTH &
M JIOCTHTaeT CBOErO0 MaKCHMAJbHOrO 3HaueHHss npu yrie 13°247,
TaK KakK B 3TOM CJyd4ae IUIOU[AJb CIKATOTO CEYeHHs OKa3blBaeTcs
paBHOll TJIOmIAJM BBIXOAHOTO ceuenusi. Ilpu janbHelilleM yBe/nueHHH
yrjia KOHYCHOCTH NPOHCXONHUT 3aTpaTa SHeprHH Ha CXKaTHe CTPyH Ha
BLIXOJlE W3 Hacajka M B CBSI3H C 3THM HEKOTOPOe YMeHbIIeHHe
Ko3hduurerTa pacxona. Bejeactsue Toro, 4To CKOpPOCTh B CKATOM
CeueHMH NpPaKTHYeCKH DaBHA CKOPOCTH BXOJa, B CXOASIIMXCS Hacaj-
Kax Bakyyma He oOpasyercs. Takue HacalkKuM He YyBeJIHYHMBAIOT MpPO-
NYCKHOH CMOCOOGHOCTH OTBEPCTHH, XOTA KO3(DHIHEHT CONPOTHBJEHHUS
ux BecbMa MaJa (taba. 11).

KonounanpHelll HacafloK NpeACTaBJseT co00l yCOBepileHCTBOBAH-
HbIfl KOHHYECKH cXoAsamuicsa Hacagok. OH BBIMOJHSeTCSs 1O opme
cTpyH, BhiTeKalomeldl u3 orepctus (puc. 127 1). Taxasi ¢opma Ha-
CcajKa yCTpaHseT CKaTHe CTPYH W CBOJHT JO MMHHMYMa BCe NOTEpH
SHEepPTHH B BbITEKawolleHl cTpye.
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Ta6anua 11
3Hauenns k0appHUMEHTOB €, ¢, | AAS PAa3JUYHBIX HACANKOB

Tun nacamku 13 ¢ n
Kpyrnoe orsepctde . . . . . . . . .. .. 0.64 0,97 0,62
BHemHMH UMJHHIDHUECKHII Hacajiok . . . . . 1,00 0,82 0,82
BHyTpenHuil LUUHIMHIPHYECKUH HAcaloK . .| L00 0,707 0,707
Konnuecku pacxopsiuuiiics npu ® =5—7° .| 1,00 |0,45~-0,50 [ 0,45--0,50
Kounuecku cxoxsimuiics npu € =13°24" . .| 098 0,96 0,91
KoHoHAaMBHBEI HAacaiok . . . . . . . . . .| 100 0.98 0,98

Mpumeuanne 3HaueHHs BCeX BEJHUHH, [NpPHBeNeHHHIX B Tabauue,
OTHEeCEHB K BEIXOIHOMY CEYEHHIO0 HacaikOB.

§ 51. THAPABJUYECKHH PACHET HACAJIKOB

PaccMOTpHM BHEWIHHH UMJAHHAPHYECKHH HAcalOK, cXeMa KOTOPOro
npeicTaBieHa na puc. 128. Hanuuwem ypaBhenne bBepnysmn pis
ceuyennit / — 1 (ypoBeHb CBO-

GOHON TNOBEPXHOCTH) W 6 —8 { {Pa I 1
(o6s1acTh BBIXOZA NOTOKA W3 Ha- i =

cazka). IliockocTh cpaBHEHHs — —
(naockocte O — O) TIpOXOAMT
uepe3 MNEHTP TsKECTH Hacal-
ka. [IlpunuMasi a, =0, =1,
HMeeM:

— —

2 2
Par % P v
ML Y & A . Ay C LN I
pg+ +2g g +2g+
2
UB
+Ecz’)

Hian

2
Hy =3 (1430), (1)

rae H, — NONHbI HAMOp WJIH NOMHAA YAeAbHas SHEPIHs HaX [EHT-
POM TSIXKeCTH Hacajka;
Us — CPeZIHsii CKODOCTb B BBIXOJHOM CEYEHMH & — 6
YL — cymmapHBlit  KOS((HUHEHT CONPOTHBJICHHS, yIHTHIBAIOUIMIL
BCE MCCTHBIE NOTEPH 3HEPriH, KOTOphE BO3HHKAIOT MpH
JNBUXKEHHH IIOTOKA 4Yepe3 HacajiokK:
1) notepio sHeprum Mexay cevenusiMp | — ] M CKaTbIM CeUEHH-
eM C — C mpu BHE3alHOM CYMKeHHH MOTOKa — (;
2) moTepio 3HEPTHM NPH BHE3aNHOM DACIIMPEHUH TOTOKA MEXY
cedsenneM C —C u TOH OO6JacTeio, Iie Hacafok 6yier paboTath
NOJIHBIM CeYeHHueM, — Cp;
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3) noTepio 3HEPrHH MO LJHHe Hacanaxa Mexay cegeHusimp C — C
ue—e—~0Cy;
=1L+ G + Ln (312)
Ilpu 3ToM KO3(pHUHEHT CONPOTHBJIEHHS NMDPH BHE3AITHOM PaCLIHpPEHHH
onpegessiior no dopmyne (250)

W= (=== = (),

rae & — KO3hUUHEHT CXKaTHA, a KOIPMHLHEHT CONPOTHBJCHUS,
YUUTHIBAIOLINH MOTEPH SHEPrHH 1O JJINHEe, HaXOHST MO 3aBHCHMOCTH

Cao= ).
Toraa
1—¢
S = € +< ) £ (312))
v? | —e

Taxkum 06pa30M, CKOpPOCTb TIOTOKa NpHU BBIXONE U3 Hacalka paBHa

]
V'2gH, = oV 2gH,, (313)

Up = —

1
L+t (7

o

rIe ¢ — KO3(h(HUIHEHT CKOPOCTH IJIsi Hacajka

B I
(P—l/‘“ﬁ(‘?)z“%' .

QopmyJy I/ pacxoia IKXUIKOCTH, NpPOXOAsimed uepe3 LHUIHHApHUYe-
cKHH Hacajok, yuuthiBas (313), moayyuM B clemyIoOlmieM BHE:

Q = 0,0, = v0, V 2gH,. (315)

Tak kak B 0GacTH BHIXOfa IIOTOKA HAacajoK paGoTaeT IOJIHEIM ce-
yeHHeM, TO KO3(@HIHeHT CKaTusl 31ech paBeH g, = 1. [losTomy Ko-
sh¢UIHEeHT pacxoia KHAKOCTH uepe3 HAacajOK NPH pacueTe MO BHI-
XCIIHOMY CedYeHHIO0 paBeH KO3(PGhHIHeHTY CKOPOCTH:
h=¢cp =9.

Crenyer 3aMeTHTh, YTO YyBeJHYeHHe JJIMHBL NaTpy6Ka NpUBORHUT
K YBEJHMYEHHIO 3HaYeHUs L; M COOTBETCTBEHHO K YMEHBIIEHHIO KO03(-
¢dunmenta pacxona Hacajka. IlostomMy MIs HUJAMHIPHYECKHX Hacaj-
KOB OOBIYHO NPHMHHMAIOT MHUHHMa/bHYIO MAMHHY [ = (3-=-4)d, upm
KOTOPOH HacajoKk paGoTaeT INOJHBIM CedYeHHeM C oOpasoBaHHEM Ba-
KyyMa.
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3Hauenne ko3duiuenHToB caenyer mpunumatbh mo Taér. 11. IMpu
BLIBOZle (hopmy.Jibl (315) MBI He NpPHHHMAJ/M KakHX-JHOO OrpaHHYeHui,
KOTOpble Oblk Obl XapakTepHBEl TOJBKO JJIsl IHJIMHIDHYECKOro Hacaj-
ka. IlosTomy sTa 3aBHCHMOCTb CIpaBelJMBa IJisi HAcajiKoB BCeX TH-
OB, a TaKXKe IUIf OTBEPCTHH B TOJICTOH creHKe. OnpenesnuM BeJHYHHY
Bakyyma, ofpasymoierocs B Hacagxke. CocraBuM ypaBHeHue bepnyia-
au 15 cedennii C —C u 6 — 6 (puc. 128). Ilpunumas a = 1, noay-
UM

”“ + 5 + z:t:' (316)

rie p. — CHAPOAMHAMHYECKOe JaBjeHHe B cxkatom ceueHun C — C;
v, — cKopocTh B cxkarom ceyennn C — C;
3¢ — cymmapHbIli K03¢dUIMEHT CONPOTHBJEHHS Hacajka, Y4H-
THIBAIOWIME TOTepH 3Hepruu Mexnay ceuenusmu C —C
" 6—a8.
Tak Kak NpM WCTeYEHHH IKHJAKOCTH Yepe3 HACalOK JJHHOH
(3—=-4)d notepsMH SHepru# NO IJHHE MOXKHO npeHefpeub, TO XL
IOJIKeH YUUTHIBATh TOJIBKO NOTepH SHEPrHH Ha BHe3alHOe paciliupeHHe:

2 =3, =)

€

INepenmuem ypaBHenue (316) crenyomum o6pasoM:

Par _Pe_ U % o/
g g 29 2% 2"
Tak kKak
We = EO H VW, = Vg,
T0
® 1
vc = UB('D—C = UB'; .
Torna
2 2 2 2
vB vB ’ UB v 1
hBaK '—gg‘e‘z_'z'é—zc 2g Qg(ez 1 "—EC) (317)

BripaxeHnue, crosiiee B CKOOKax B ypaBHeHuu (317), MoxeT GblTh
npeodpa3oBaHO TaKUM 0Opa3oM:

o) [ e

2
Bpag = 2212 Zelze (317

Torna
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3ameHHM CKODPOCTb B BHIXOZHOM CeueHMH MO 3aBucumoctd (313)

?22§H0 1—e 22?2]_[01 :e- (318)

€

hBaK =

Ins BHemIHero HUJIMHADHYecKoro Hacagka ¢ = 0,82 (ra6a. 10),
a e MoxeT ObITb NpHHATO paBHbM & = (0,64 kKak cpelHee 3HaueHue
IJsi MaJblX OTBepCTHH B TOHKOH cteHe. Torna

Foax = 29* LS H, = 2.0,82° ‘gﬁ‘lﬁ“ H,~0,75H,.  (319)
OpHako, Kak TNOKa3biBalOT OMNBITHBIE JaHHBlE, NPH BakyyMe GoJee
8,0 m 600. crn. HauMHaeTcsl 3acachlBaHMEe BO3LyXa B HacaJOK uepes
BBIXOJ[HOE CeyYeHHe; NPOMCXOAUT CPhIB BaKyyMa M HacalOK HayHHaeT
paGotaTh HWJIM KaK NPOCTOe OTBEpCTHE, WM KakK HacaJok, HO C IIo-
HHXEHHOH NPOIYCKHOH CHOCOGHOCTBIO (IpH YacTHYHOM OTpHIBE CTPYH
or creHku). IlosroMy Hamop, mpu KoTopoM paGoTaeT Hacafok, He

JOJKEH TMpeBbllIaTh MNPEASJbHOrO 3HAYEHHUA, OllpeaesasdeMoro cje-
AYIOIUM COOTHOLUCHHUEM:

1
Honpex = hsax. npex 2_?2 .l%e ’ (320)

rIe Hgak. npey — TpeieIbHOE 3HAUeHHe Bakyyma, paBHoe = 8,0 am.
TTosToMy mJisi BHeIIHero LHJIMHIDHYECKOro Hacajka IpelejbHOe 3Ha-
YeHHE Halopa B CPeJHeM COCTaBJISIET BEJHYHHY

0,64
Honpex = 8,0 555 0822(1 o9 = 10,0 x.

Ilpu 3HauwTespHOH HJMHe HacajKka NOTepH 1O IJMHE HrpaloT cyule-
CTBEHHYIO POJIb U IPH HEKOTODHIX COOTHOMIEHHSIX MOTYT IIpPensTCTBO-
BaTh o6pasoBaniio Bakyyma. M3 c¢opmyant (317) crenyer, uto Ba-
KyyM ofpasyeTcsi B 3aBHCHMOCTH OT 3HaKa BbIpaKeHHs, 3aKJIOYEHHOIO
B ckoOKy. Ilpu stoM Bakyym 06pa3yeTc;1 ecJsiu

-——l—-—}:C'>O WM 3 >I+EC'
U He oOpasyercs, eciH
F—1—3U <0, mm <1430

OnpenenuM nNpefieJbHYIO JJIHHY Hacajka, IIPH KOTOPOH BaKyyM
He o6pasyercsa. Toraa

1 ’

rae X{’ — cyMmapHblii K03(h(dHIHEHT CONPOTUBJ/IEHHS C y4YeToM IOTepb
SHEPruM 1o JJIHHe:

W=t rg= () +r g




CuieoBaTenibHO,

l_ 1—82 )\tnpen
r= 1 () e,

[
OTKYZa

lnpen _2(1—y9
< T (82D)
B sakmoueHne mnokaxkeM, YTO YBeJHUEHHE IIPONYCKHOH CHOCOG-
HOCTH HacaJka NpPOHCXONHUT TOJbKO 3a cueT 06pas3oBaHHS BaKyyMma
B CXKaTOM ceueHHH. PaccmartpuBasi, HampuMep, BHEIIHHH IUJIMHIDH-
uyecKMH HacaJlOK, HamuiuieM ypaBHeHMe beprysanu mis cewennit —
1 nu C —C orHocutenpHO miockoctd cpaBHenusi O — O (puc. 128):

2 2
Par Pe |, 2Uc Ue
_a H =24 _c¢c _c
g THo=gpt oy Thoyp
HJIH
Ug H pa'r pc H h
E(“c‘i‘cc): °+_PE_E§= o+ BaK»
rae
2
%eUg Par P —
Ho=H+ g 1 5g —pg = Mmsr:
Torzna

Ve = l/- &_cl_-*-‘lc Vog(H, + Paax) = P Vg (Hg + hzax ). (322)
Pacxon B cxxaroMm ceuenuun C —C

Q = o = E(DBQPV2§(H0 + Asax) = poy V2g(Ho + hsax). (323)

Cornacio (319), samenuM B 3aBUCHMOCTH (323) tfpax = 0,75H,,.
CireoBaTebHO,

Q = po,V2g(H, + 0,756H) = po, V1,75 V 2gH, =
= 1,33p0, V 2gH,. (324)

Conocrasnsii  dopmyay (324) ¢ dopmyaoit (307) nas pacxona
XKHUJKOCTH uYepe3 MaJjioe OTBepcTHe, YOekTaeMcsi, 4TO B pesyJibTare
o6pasoBaHUs BaKyyMa INPONYCKHass CIHOCOGHOCTb Hacajka paccMaTpu-
BaeMOro THNA YyBeJHuHBaercss Ha 33% 1O CpaBHEHHIO C IPOCTHIM
OTBEPCTHEM B TOHKOH CTEHKE.

Mpumep 33. Uepes Kpyryioe oTBepcTHE B TOHKOiH CTEHKe JHaMeT-
pom d =20 mm BhITeKaeT Boma. OnpenenuTh ee pacxXof NpH Harope
Haj LIeHTPOM TsAXKeCTH oTBepctHs Hy = 64 cm.

Q = po V3gH, = 0,64 2120/ T5 65,64 — 0,00061 #%/cex =

= 0,61 4/cex.
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Npumep 34. Onpenenntb pacxos Bojbl, BHITEKaoOUleli yepes BHeI-
HHH IUJHHADHYECKMH Hacafok auamerpoM d = 100 mm npu Hamnope
Hy, =121 n.

Q = po Vg, - 0,82 2L 00/ aTg R TaT =

=0,0314 m3/cex = 31,4 alcex.

Mpumep 35. Onpefenute BeJHUHHY BakyyMmMa BO BHeELIHeM ILH-
JIMHAPHYECKOM Hacalke, yepe3 KOTOPHIH MKHJIKOCTb BBITEKAeT B aTMO-
chepy, eciy Hanop Haj IEHTPOM TSKEeCTH Hacaika COCTaBJsieT Be-
muuuny Hj = 6,0 m. Tlpusumas mno rabaune ¢=0,82 u ¢=0,64
(kak JJ1si KpYIJIOrO OTBEPCTHS] B TOHKOH cTeHKe), mo ¢opmyde (318)
HaXoJUM

1—0,64

hoa = 29%H - — =2.0,822.6,0 75— =45 1

§ 52. HCTEYEHHUE )XHUAKOCTH NMPH NEPEMEHHOM HANOPE

Hcreuenre XuAKOCTH IpH I[IepeMEHHOM Hamope MpeicTaBJser co-
Goli OfMH M3 cjiydyaeB HEYCTAHOBMBILETOCS ABHMIKEHHS XXHAKOCTH. Pas-
Ie]l HEYCTaHOBUBILEroCA JBHIKEHHSI XXHMAKOCTH sABJseTCA HauGosee
CNOXKHBIM B HMHIKEHepHOH THApaB/JHMKe H pac-
cMaTpHBaeTcss B CHeIHaJbHBIX Kypcax. Mul

—j— — —ju;| OrPAHHTMMCA DAaCCMOTPEHHEM HECKONBKHX NpO-
brortrrrrrrrrirrd CTEHIIMX CJYy4YaeB, KOrja HHEPUHOHHHIM Hamo-
> | i poM MOXKHO IpeHeGpeup Ges ocoGoro yuiep6a
A Z IJIS TOYHOCTH NOJIy4aeMbIX pe3yJbTaToB.
OnopoxHeHHe pesepByapa. Pac-
-1 CMOTpPHM ONOpPOXKHEHHe INPH3MaTHYecKoro pe-
y2| sepByapa, HMelomero NOCTOAHHYIO MIOWAAL

)\‘m( nonepeyHoro ceuenus K. IlpexnnosoxuM, 4Yro
w ‘;p B JlHe pesepByapa YCTPOEHO OTBepCTHe IIJIOLIa-
! b0 ®, HayaJbHBIH Halop Haj LEHTPOM TsxKe-

Puc. 129 ctH Kortoporo paseH H;, a xoHeunslit — H, (pHc.

129). TlpenmoJyioxuM, 4YTO 3a BpeMsi ONOPOXK-
HeHHsl pesepByap >KHIKOCTHIO B3alOJIHATBCS He GyJer.
Pacuer omopoxkHeHus pesepByapa SaKJIOUaeTcsi B ONpefieseHHH
BpeMeHH 3TOro mnpouecca. Korma oTBepcTHE OTKPHITO, TO 3a BpeMs
df us pesepByapa BhITeKaeT KOJM4ecTBO xupxoctd dV:

dV = po} 2gzdt,

TZie z — Hanop HAaJl IIEHTPOM TSI}KECTH OTBEPCTHSI B MOMEHT BpeMeHH df.
OnHeBpeMeHHO ypoBeHb B pe3epByape ONYCTHTCS Ha BEJHUMHY
av

dz = - - CriefoBatenbHO,

—d2Q = po )/ 2gzdt.
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3uak MHHYC B3fIT 3[ieCb NOTOMY, 4YTO HANOp YMEHbIIaeTCs:

dt = — 2=
po V 2gz
ITporuTerpupyem 310 ypaBHEHHe B Ipefe]ax MeXAy Hamopamu H,

H Hos:
H, H,
- ___5‘ @dz ___ 2 dz _ , Vz I
po 2z pe Vi) Vz pe V 2
H, H,

H OKOHYaTeJIbHO

;= 2WH —VH)
pow VZU

[Tonarasi B ¢opmyne (320) Hy =0, monyunMm ¢opMyay s BpeMeHH
TIOJIHOrO OTOpOXKHEHHs] pe3epByapa:

(325)

__22VH,
t= Vo (326)
dopmyna (326) MoxkeT GbiTh NPENCTABJIEHA TAKKE B CJELYIONIEM BHJE:
f_ _29H, _ 2V
pw VQng Q’

rne V — o6veM pesepByapa;

Q — pacxop XHAKOCTH NIPH HadaJbHOM Hamope H,.

Takum 06pasom, BpeMsi IIOJJHOTO OIOPOXKHEHHsSI pe3epByapa IpH
nepeMeHHOM Hamope B JiBa pasa GoJjbllie TOrO BPEeMEHH, KOTOpPOe Tpe-
Oyercss IJi1 BBITEKAHHS H3 pe3epByapa KHAKOCTH INPH HayaJbHOM
Hanope B KOJIMYECTBE, PABHOM IlepBOHAYaJbHOMY OGBEMY.

OnopoxHeHHe coobmamwimuxcsa cocygos. PaccmMoTpum
caydail BHIDaBHMBAaHHMS YpOBHefl B coolmaromuxcsi cocyrax. Ilpenno-
JIOXXHM, 4YTO B HayaJbHBIH MOMEHT BDeMEeHH YpOBeHb B cocyiae [ mpe-
BhILlaeT yposeHb B cocyne /I. OmpenenyM BpeMsi, B TeYeHHE KOTO-
poro ypoBHM B pesepByapax BbIpaBHHBaiTcsi. O6G03HaunM MNJIOMAIH
TIONEPeYHBIX CeYeHH# pesepByapoB [ u [] uepes @, u Qp, Hanopwl
HaJl LEHTPaMH TAXKECTH OTBEPCTHUI — COOTBETCTBEHHO yepe3 2y M 23 H
HX pasHOCTb — uepe3 H: z; — 2z, = H (puc. 130).

3a BpeMs df B pesyJibTaTe INepeTeKaHHsl JKHIKOCTH M3 De3epBy-
apa / B pesepyap // Hanop HajJ LEHTPOM TSXKECTH OTBEPCTHs CO
CTOPOHBI IIEPBOTO pe3epByapa YMEHBLINTCS Ha BeJHUYHHY dZy, a CO
CTOPOHHI BTOPOrO pesepByapa, Hao06OpOT, YBEeJHUMTCA Ha BeJHUHHY
dzs. Tlpun 3TOM O6BEM KHUIKOCTH B NEPBOM pe3epByape YMEHBLIHTCS
Ha Bequuuny 2,dz;:

— Q,dz; = po )/ 2gHdt,
OTKyJZia o
= — —21 _ dz.. 32
dt VT dz, (327)
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C npyrofi CTOPOHBI, OGBeM KHAKOCTH BO BTODOM pe3epByape YBelH-
YUTCA Ha BeNHUHHY Qpdz,.
OuesujHO,

— Q,dz, = R.dz,.
Toraa

Q
ng = — szl.
&,

Taxk xak H =2z, — 23, TO

dH = dz; — dz,,
HJIu

dH= dz, +Qldz1 Bty
2

CuJieiloBaTeJIbHO,

dz; = = oo, +92 dH.
TloncraBum mosiyueHHoe 3HaueHwe nisi dz; B Bepaxkenue (327):
df = — 9% A
Q + Q2 po V'2gH
I'Iponngrerpnpyem 5TO0 ypaBHeHWe B TpeJieJlaXx pPasHOCTH HAaNopoB
1 K 2.

(328)

b L &% (dh 1 90 (TdAH
po V2g Y+ L y H poyogetQ VH
———29192 H,—V H). 329
po VQg (@1 + Q) (V T 2) ( )

@opmyna (329) nosBoJsier onpefeJUTh BpeMsl, B TeYeHHE KOTOPOro
PasHOCTb YpOBHEH B pesepByapax H3MEHHTCS OT HEKOTOPOH Hayalib-
HOl BeJIMYMHBI N0 3ajaHHON KoHeuHod. Ecim B ¢opmyse (329) no-
J0XHTb Hy =0, TO mosiyuuM 8aBHCUMOCTb IJIs1 OIpejieJIeHHs BpeMe-
HH TI0JIHOTO BBHIDABHHUBAHMsI YpPOBHeH XHJKOCTH B COOOLIAIOLIMXCS pe-
sepByapax [ u II:

_ 200, VH,

pow V2g (€, +92)

§ 53. BOJOCJIUBbI

(330)

BonocsnuBoM HasbiBaeTcs INeperopakupaioliee IIOTOK COOpY-
XeHHe HJIM YCTPOHCTBO, Yepe3 KOTOpOe IPOHCXOIMT IepeJHB KHI-
KocTd. Bozmoc/MBbI HMeIOT IIHPOKOE NpHMEHEeHHe B COBPeMEHHOH Tex-
HUKe KaK B KauecTBe OJHOTO H3 OCHOBHEIX COOPYXXEHHH peuHbIX
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TUAPOTEXHUYECKUX Y3JI0B (BOJOCTHBHBIE IJIOTHHBEI, BOJZOCGPOCH), TaK
M B KayecTBe YCTPOHCTB, CJAYXKalMX JJIsi HU3MEPEHHs] PacXOfoB BO-
Ibl B JaGOpaTOpUSIX M Ha OPOCHTENIbHBIX CHCTeMaX.

TepMuHosorusa. CoopyxeHHe HJIH YCTPOHCTBO, IleperopaxKu-
Baiolllee TOTOK M CO3jaiolliee MNOANOP, HEJNHT IIOTOK Ha JBe YacTH
(puc. 131): obmactb, pacnoJIOXKeHHYIO Ilepell BOJOC/JHBOM, HasbiBae-
MYIO BepXHHM MJH HOANepThM Obe-
¢oM, U 0061acTh, pacMOJIOXKEHHYIO
HH2Ke BOJOC/IHBA, HA3bIBaeMylO HHXK- i e | Huncwds e
HUM GbedoMm. Camas nosvuueHHAs fﬂ’——fm"m
4OCHb NOBEPXHOCIU 8000CAUBA HA3bL- 185 ‘
eaemcs  epebrem eodocausa. I aybuna
ocudkocmu HaO 2pebrem eo0ocaueq,
usMepennas mam, e0e YPOBEHb euye
He NOHUBUACA, HA3bIBAEMCs CMAMu-
YECKUM  HANOpOM HQ  6000CAUGE U
obosravaemcs uepe3 H. TloHnxkeHne
YpOBHs1 1epell BOJOC/IMBOM HauyMHa- Puc. 131
ercst Ha paccrosinuu (3—4) H ot ero
rpe6ns. Ilpesblienne rpe6GHsi BOZOC/IMBA Haj JHOM IIOTOKa B BepXHeM
6bedpe HaspiBaeTcs BBICOTOH mopora BOZOC/HMBAa M 0003Hadaercsi ye-
pes P.

Kanaccudpukanus BogocsausoB. BorocauBel o6bluHO KJac-
CHQHIUPYIOTCA 110 CJEIYIOIHMM NpH3HaKaM: a) [0 PpOAY CTEHKH;
6) no ¢opme Bhipe3a B CTeHKe (mopore); B) O PacloJIOKEHHIO BOJO-
CMBa B IJIaHe; T) MO YCJOBHSIM OOKOBOTO CXKaTHSl TOTOKA.

FPIJ7777777777770777774 227777 7777777777777 '/ll']l///l//"l;,’?’

|~—— B2+3H —>

Puc. 132

ITo pony cTeHKH BOJOCJHUBH JeJSTCS HAa BOJOC/UBHI
¢ wupokum noporoM (puc. 132), BONOCAMBEL C TOHKOH CTEHKOH
(puc. 131) u BogmocsuBhl mpakTtHueckod c¢opmel (puc. 133).

BopocauBEl ¢ LIMPOKHM NOPOTOM XapaKTepH3YIOTCsl 3HAUHUTEJIbHOMH
mypuHO# nopora (He mMeHee 2-+3H), B Ipefierax KOTOpOro Yycra-
HaBJIMBaeTCsl [BHIKeHHe, GIH3KOe K NapaJljejbHO-CTPYHHOMY.

BomocanB ¢ TOHKOH CTEHKOH, HA060pPOT, ¥MeeT MHHHMAaJIbHYIO LIH-
PHHY IO BepXy H XapaKTepH3yeTcsi 3HauyMTeJbHbBIM HCKPHBJICHHEM
cTpy#i. Besi Gosbluasi rpynmna BOAOCJHMBOB, He NOAXOAsMlasi NOX IO-
HATHE BOJOCJHBOB C LUMPOKHM IIOPOTOM HJIM C TOHKOH CTEHKOH, Ha-
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3bIBaeTcsl Bojoc/auBamu Tpaktuyeckoil ¢opmbl. Cioga oTHOCsTCS Tpsi-
MOYTOJIbHBIE, TpamneleulajibHble, a TakXe KDHBOJIHHEHHblE BOLOCJIH-
Bbl, OuepYeHHBle No npodumo mnajawmed crpyd (puc. 133).

[To dopme BHipe3a B CTeHKe BOJOCHMBEL pasfielsiioTcsi Ha
NpsSIMOYTOJIbHEIE, TpaneneHianbHble, TPeyro/ibHele, KpyrJble. Haubo-
Jiee YacTO TPHMEHSIIOTCSI BOJOCJHMBHl TNpPSIMOYTOJIbHBIE U TpAaIleleu-
JanbHele (puc. 134a u 6). Tpeyro/ibHble BOZOCHMBEL OOBIYHO HC-

Puc. 133

{10JIb3YI0TCSl B J1aGOpaTOPHSAX B KayecTBe BOAOM3MEDPHTEJbHBIX IpHGO-
poB (puc. 134B). Ilo pacmosoxeHHio BojocJa¥Ba B IJlaHe, 3aBHCS-
IeMy OT YCJOBHH KOMIIOHOBKH y3/1a COODYXKeHMH, yCTpauBaloTCsl BO-
JIOCJIHBBl TIIpsIMBble, KOChle, JIOMaHble H KPHBOJMHeHHble (MO OTHOLIe-
HHUIO K OCH IIOTOKa).

[y

i

’.

Puc. 134

ITo ycnoBussM 60KOBOTO CXAaTHs INOTOKA BONOCJMBBI Je-
JISITCS Ha BOJOCJMBBEL Ge3 GOKOBOrO CKaTusi, IPH paBeHCTBE LUHPHHBL
pycja ¥ LIMPHHB BOJOC/]HBA, M Ha BOJAOCJHMBBEL C GOKOBbIM CXKaTHEM,
KOrja WHMpHHA BOLOC/JMBA MEHbIIE IUMDHHBEI pycsa, Ha KOTOPOM YCT-
pOeH BOJOCJIMB.

I'mppaBinyeckuii pexkuM paGoTHl BOLOC/IMBA MOKET ObIThb JABOSIKMM:

1. ¥YposeHb HHKHero 6weha pacrosiaraercss HHKe IOpora BOJO-
ClHBa M, CJeJOBaTeJbHO, He BJHSET Ha YCJIOBHS HCTEUEHHS IKHAKO-
CTH uepe3 Bojoc/aMB. Takoi pexHM paGoThl BOJOCJHBA Ha3bIBAeTCsl
He3aTolJIeHHBIM (puc. 131).

2. YpoBeHp HHXKHero GObeda pacnosaraercss Bbllle INOpOra BOZO-
CIMBA M BJIHSET HA YCJOBHA MCTEUEHHs KHIAKOCTH uepe3 Hero. [lpu
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5TOM 3aTOllJIeHHEe BOJOC/MBA YMEHblUlaeT ero MNpPONYCKHYI Ccnoco6-
HOCTb. JTO YyMeHbIleHHe GyfeT TeM OGOJBLIMM, YeM GOJiblle BeJIH-
YHHA «MOATONJIEHHs» BojocauBa hp (puc. 133). Tako#l pexuM pabo-
Thl BOJOC/IUBA Ha3bIBAeTCS] 3aTONJIEHHBbIM.

Fupparauyeckuii pacuer BOJOCJAWBOB

[Mpumenum ypaBHeHHe DBepHynuM K ciyyaio HCTEUeHHS KHIKOCTH
yepe3 He3aTONJIEHHBIH BOJOC/MB, IpeJCTaBJeHHBbIH, HanpuUMep, Ha
puc. 135. IlnockocTs cpaBHeHHust
A — A mporenem uepes rpebeHb 10
BOJIOCJIMBA [0 NepecedeHus ¢ Mo- !

BEpXHOCTBIO Majawlledl cTpyH B
tTouke C. YpaBHeHue Depnysu
COCTaBHM JJIsi BepXHel CTpYHKH g
B ceuenussix O — 0 u C—C

Torga

2
paT 000

= H+

02 2
Paw Uc

+ s

Puc. 135

rje JIOTNOJHUTENbHO oéoanaqeﬂo:
U, — CKOpPOCTb TIOAX0]a;
V. — CpefiHsAsl CKopocTb B ceuenun C — C;
{ — Koa(duuHeHT CONPOTHBJEHHUS, YUUTHIBAIOLUIUI IOTEPH SHEPTHH
Ha BojocuBe Mexnay ceueHusmu O —O u C —C.
O6o3naynB mNOJHBIE Hanop Ha BOJOCJUBE (NOJHYIO YAENbHYIO

2
aovo
sHepruw) H,=H + g » MOKeM Hamucars

vs
Ho = 2}‘ (ac + C),
HJIU

0 = l/ =V %H, = oV 5, (331)

CneznoBatesibHO, pacxoi xuAaxkoctH B ceueHuu C — C moxeT ObiTb
BblpaxkeH 3aBHCHMOCTbHIO

Q = 0, = ocp Vngo; (332)

rie o, — MJIOLAJb JKHBOTO CeUeHHs B paccMaTpiBaeMoii 06/1acTH CTPYH.
O6o3Haunm uepe3 ® MJIOIAJAb KUBOTO CeUeHHs HajZ MJIOCKOCTBIO
cpaBHenusi A — A B cedenun O — O. Torzna
(”c = €V,
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rie e — xosdunuent cxkarus. Ilostomy

Q = ep0 V' 2gH,,
U

Q = mo)/ 2gH,; (333)

sflecb m — KO3p(HIMEHT pacXoja BOJOC/IHBA, ONpeLesseMbli OIBIT-
HbIM IyTeM M HEOAMHAKOBBIH JJIs pAa3/HYHBIX THUIIOB
BOJIOC/THBOB.
3aBucumocThb (333) aABasiercss ofmel (opMyJoH Aisi onpejeseHns]
pacxosa XHIKOCTH, NPOXOAsllell Yepe3 HE3aTONJIEHHBIH BOLOCJIHB
JII060H (POPMEI.

Has ciyuas npsMOYrosIbHOrO BOJOCAMBA, Iie o = bH, MoxeM
HanucaTtb

Q = mbHV 2gH,
unM, nonaras H = H,,

Q = mbV 2gH,". (334)
Hexoroprle HeTOYHOCTH, KOTOpble MOIYT BO3HHKHYTb BCJEICTBHE
clieNaHHBIX NpH BbBoAe ¢opmynel (334) nomymeHH# (nmpUMeHeHHE
ypaBHeHHs DBepHysuM mjsi o6nacTH ¢ CHJIBHBIM HCKPHBJIEHHEM CTPY-
eKk, npupaBHMBaHMe H = M, U T.Z1.), He MOryT HMeTb CYIIeCTBEH-
HOTO SHAyeHHs NpH IIpaKTHYeCKHX pacyerax, Tak Kak Koaduuu-
€HTBl pacxojia, oInpejiesisieMble ONBITHBIM IIyTeM, aBTOMATHYECKH BKJIO-
4yaloT B ce6s1 HeoOXOAUMBlE KOpPPEKTHBHL.
Koaddunuenr pacxofa npsiMOyroJibHOIO He3aTONJIEHHOTO BOJO-
CJIMBa B TOHKOH CTEHKe MOXKET ONpeleJaTbCsl 1O CJefyIoled SMIHpH-
yecko#l opmyne basena:

. 0,003 H \2
m = (0,405 + —H—) [1 + 0,55 (H?Fﬁ ) ] (335)
Pacxonl XHIKOCTH, IPOXOJSINENl Yepe3 TPeYroJbHbIH BOXOCIHB C
TOHKOH cTeHKod npH yriae o = 90°, onpelensercs Takoil 3aBHCH-
MOCTBIO:

Q = 0,315V 2gH™" (336)

OcpennenHele 3HaueHHst KO3(OHUIMEHTOB PAaCXONOB XKHIKOCTH, Xapak-
Tepu3ylolllie NPONMYCKHYIO CNOCOGHOCTh HE3aTONJIEHHBIX BOIOC/IHBOB,
npuBefieHsl B Tabna. 12.

Jns pacueTra 3aTONJIEHHBIX BOJOCJHMBOB NpHMeHsAeTCA TakxkKe ¢op-
mysaa (334), B KOTOpyO BBOAHMTCA KO3((MHIMEHT 3aTOIJIEHHS ofy,
VUHTHIBAIOUMH YMeHblleHHe NPONYCKHOH CHOCOGHOCTH BOXOC/HBA B
CBfI3H C €r0 INOJTOIJIEHHEM.

KoapduuueHT 3aTonjieHHs on onpenenxeTc;;l ONBbITHHIM IIyTEM B

h
3aBHCHMOCTH OT OTHOLIEHHMS Fn, T. €. cn=f(ﬁ]3).
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Ta6auna 12
3HaueHHs Koo (HUIHEHTOB pacxona /M LJsl BOJOCIHBOB

Tun Bogocansa m
Bonocaus ¢ mMHPOKHM MOPOTOM . . . . . . . . 0,35
Hennasuele npakTHueckde npoduan (Tpanenenaals-

HHE, npﬂmoyronbnme) e e e e e e e e e e e 0,40
Bopocsns B TOHKOH CTeHKe . . . . e s e s e 0,42
Kpupoanneiinele 6e3BakyyMHbIe npodnum

CpeiHHE . . . . . . 0,45
HAHGOMBLIAE . » o o v o o o v o e w e o 0,49

T'aa6a eosoMasn

PABHOMEPHOE JABM)XEHME )XMJKOCTH B OTKPBITbIX
PYCJIAX

§ 54. OCHOBHDBIE 3ABHCHMOCTH, NMPUMEHSIOUIHECS
NPH THJAPABJIMYECKOM PACYETE OTKPBITBIX PYCEJ

Tlpu rugpaBJIMYeCcKOM pacueTe OTKPBITEIX pycesl B KauecTBe OC-
HOBHOH pacueTHOH B3aBHCHMOCTH IIpHMeHsiercss ¢opMyJa pacxoia
JKHJKOCTH

Q=0oCVRJ (337)

Koapdunuenr llesn npu sToM onpefiensercss IO OLHOH H3 (GopMyJ
(224), (230), (231), a xKo3(pUUHEHT IepOXOBAaTOCTH OepeTcss H3
Tabja. 13

Ta6aunua 13
Cpennue 3HaYeHHs] KO3(G(PNLUUEHTOB MIEPOXOBATOCTH HJsi OTKPBITHIX pyced
XapakTepucTuka pycaa n
BertonHas M eJjie306eTOHHast OOGJIHIOBKA IPH XOpOLIeM Kaue-

CTBE PAGOT « v v v v v v e v v et e e e e e e e e e e e 0,012
KaHa/el B INIOTHOM TDYHTE, AHO H OTKOCH KOTODHIX IOKPHITH

HIHCTON MJIEHKOH o « o v v v v v v v v v e e e v w e o u s 0,020
BoJibline KaHaJbl B 3eMJISHOM pycJe B XOPOIIHX YCJOBHAX

CONEPIKAHHUT . v ¢ v o o o o o o o o o o o o o o o o o v o W 0,0225
Mauible KaHajbl B 3eMJITHOM pycJle B XOPOUIHX YCJIOBHSIX COLep-

JKaHHA U GOJIbIIHE — B CPEJHHX YCJIOBHSAX SKCIJIYaTAUMH . . . . 0,025
ByToBasi KJafka Ha LEMEHTHOM PacCTBOPE . . . . . . . . . . 0,0225
ByJbiKHAs MOCTOBAS . . . « « « « . » e e e e e e e 0,025
KaMeHHaﬂ HaGpocxa, 3e€MJIsiHbIEe KaHaJbl B IVIOXHX YCJOBHAX

COTEPHAHHT o o 4 o o o o ¢ o ¢ o o o o s s o o o o o o o . 0,030
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ITpu ruppaB/HyeckOM pacyeTe OTKPHITHIX pycesl HauboJiee 4YacTo
NpUXONUTCA MMeThb JeJo C KaHaJaMH TpamneLeHJalbHOIO CeYeHHs,
a 1NOTOMy HMXKe IPHUBOJSATCS OCHOBHBIE 3aBHCHMOCTH, XapakTepH-
3ylolmue OTKpPHIThlE pycja JaHHOro THMA.

Jas tpanmeuenpanpHoro xanana (puc. 136) nuomane KuBOro ce-
YeHHUs1

©=Hh (b + mh), (338)
rae h—ray6uHa HanoJIHEHHA KaHaJja;

b —mupnHa KaHana Ho IHY;
m = ctg ¢ — KoadunHeHT 3aM0KeHHs OTKoca.

T == 70 <

Puc. 136

CMOUeHHBIl NepUMeTp

X=b0+2V1+m2h=0>-+mh, (339)
rze

m' =2V 1+ m
I'uppaBauueckuilt paguyc
o h (b h
R =3 =" (340)

§ 55. TUAPABJIMYECKH HAMBBITOXHENIIEE CEYEHUE KAHAJIA

T'udpasauiecku HOUGbIZOOHEUUIUM CeHeHUEM KAHANA HA3bIBACMCA M-
Koe Jcueoe cedenue, Komopoe 004a0aem HAUMEHbUIUM CMOYEHHbIM nNe-
pumempom X (uauw Hauborvwum eudpasiudeckum paduycom R) npu
3a0annotl naowadu scueoeo cederus . T'HApaBINYeCKH HaMBBITOLHEH-
[iee XHBOe CeueHHe KaHaja o6/1ajaeT MakCUMaJbHOH HpPONYCKHOH
cnoco6HocThio. [lo3TOMYy DpH NpPOEKTHPOBAHHH KaHAJOB CTPEMSITCS
HX XUBble ceyeHUs] NPUCJMBUTh K THIPAaBJIMUECKH HauBBIMOZHEHIIMM.

BriBeieM 3aBHCHMOCTb, CJHYXKalLyI0 IJis ONpeJesieHHs THIpaBJM-
4eCKH HauBHIrofHelimero ceuenusi. B Boipaxenun (339) mias cmouen-
HOro nepumMerpa

x=b+2V1+mlh=0b+mh
3aMeHHM IUHDHHY KaHana no jAuy b u3 ypaBHeHus (338):
b= X mh,
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Toraa

(]
X=5— mh 4+ m’h.
CnenosatesbHO, npH o = const umeem X = f(h). Hna onpenenenus
yCJIOBHH, IpPH KOTOPHIX CMOYeHHBIH IepuMmeTp OGyHeT HaUMEHBIIHM,
NpHpaBHAEM HYJIO NepBYIO NpPOH3BOLHYIO:

dY. ©

OGosxaunm % =@, wau b =Bh. Torna

o =h @+ m), (341')
Hau nocje mopcraHoBku (341°) B saBucumoctb (341)
_REEM o,

OKOHYATeNILHO A/ THAPABAMYECKH HAHBHITOJHEHIIEro cedeHHs
Bo=m'—2m =2V 1+ m?*—m). (342)

Ta6bnunma 14

b
3HaueHns =7 H Pa3jJUYHBIX KOIPPUUHUEHTAX 3aJNOXKEHHA
O™ h
OTKOCa

m 0 1,0 1,5 2,0 ’ 2,5 3,0

8o 2,00 0,828 0,606 | 0,472 | 0,385 | 0,325

CornacHo naHHBIM Tabs. 14, rUIpaBIMYECKH HaHBBHIIOLHEMNILINM
JKHBBIM CeyeHHeM 06/1afaroT y3KHe KaHaJibl ¢ OOJbIIOH IyyOMHOH Ha-
NOJHEHHs1 A TpH MaJjoil wmHpuHe no aHy b. T'uapaBianueckuit pa-
JIMyC THIpABJMYeCKH HAHUBBHITOAHEHILIEro ceyeHHsl NOCTHIaeT 3HAYeHHS

R o= _PGtm h
0 Xo h (8o -+ m’) 2°

OlIHaKO CJUIOKOM Y3KHe KaHaJbl 4acTo SABJISIOTCH Heyl{O6HbIMH g
IIpOHU3BOACTBA pa60T, a TakKxe IO 3KCnayaTainuOHHBIM c006pa}xe-
HHSAM. H03TOMy NpH MNPOCKTHPOBAHHH KaHAJOB IPUXOAHUTCA OTCTY-
natb OT THIAPAaBJHYECKH HAHUBBLIMOHEHILIETO NONepEeYHOro CedYeHHusa H
NepexoauTh K Gosee HWIMPOKHM CE€YCHHAM KaHaJ/oB.
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§ 56. OCHOBHBIE 3AJJAYH, BCTPEYAIOIIUECSA NMPU THUIAPABJIHYECKOM
PACYETE KAHAJIOB

OG6LIYHO TIpH THAPABJHYECKOM pacyeTe KaHAJoOB GbIBAIOT H3BECT-
HBl pacxol KaHajna Q, ero yKJoH J, Ko3(dHIUEHT IIepoXOBaTOCTH
n H Ko3(h(ULUHEHT 3aJ0XKeHHs OTKOCOB m.

Ipu 3TOM pemlaloTCA 3aJayd ONpeleseHHs:

1) riyGHHB HamnoOJIHEHHs KaHajla A npu 3ajaHHON WIMpHHE Ka-
Hajna no fAHy b;

2) wMpHHBl KaHaja 10 JHy b NIpH 3ajaHHOH TIJyGHHe HamoJHe-
HHsl KaHana h;

3) KHBOro ceyeHHs KaHaja o, TIJIYOHHbl €ro HamnoJHeHus: A u
IUMPHHB NO JHY b TpH 33aJaHHOH CKOPOCTH TEYeHHs U.

HemnocpencTBeHHOe pellleHHe MePBHIX JBYX 3ajau 1o ¢opmysam
He MoxeT ObiThb moJydeHo. IlosToMy OHH pemaroTcst NOXGOpPOM NpH
MOMOIIM MMeoIuXcsl TabJull H rpadHKOB HJH rpadoaHaJHTHUIECKUM
MeTOIOM C HCIIOJIb30BAHHEM IIOHSATHSI O PACXONHOH XapaKTepHCTHKe

K = —Qj . 10T MeTOj 3aKJIOYaeTcs B IOCTpoeHHH rpadukoB K =

= f(h) npu b =const umu K =f(b) npu h =const, B 3aBucuMocTH
OT TOro, KakHe 3JIeMEHTHl JXHBOTO CeueHHsl KaHaja 3anasbl. Ilo rpa-
¢ukam K = f(h) nmn K =f(b) 1 M3BeCTHOMY 3HAYeHHIO PaCXONHOH
XapaKTepHCTHKH HaXOIMTCA HCKoMas TIJyOMHA HamnoJHEHHs KaHaja
HJIM WIHpPHHA €ro 1o JHY.

PaccMoTpuM Temephb pellleHMe TpeTheH 3ajjayH, COOTBETCTBYIOLIEH
YCJIOBMIO, KOTJ@ H3BECTHbl BeJHMUMHE @, J, n M m npu sajgaHHOH
CKOPOCTH U.

B nannoM ciiyuae BOSMOXKHO MNOJyYyeHHe aHAJMTHYECKOrO BHIpa-
XeHHsl JJiA rJyGuHBl 3aNOJIHEHHsl KaHaja A W IIMDHHBl €ro Mo JHY
b. HeficTBuTeJbHO, PEUIHM COBMECTHO JBa ypaBHeHHs (338) u (339):
o =h(b+ mh) u X =b -+ m’h ornocurensHo h. Torma

h— b ’2 © 343
._5-(-—”1,—-—_”1)—— 4(m’—m)2—(m'—m)' ( )

b =y—mh. (344)
Ilpu manuuuu Ta6auI CKOPOCTHEIX XapaKTepHCTHK (mpuioxenue 1V)

v
=]—/—J;=CI/R = f(R) npu n = const
JIeTKO OIpEJiesisieTcsl 3HaueHHe CMOYEHHOro MepuMerpa y = % , BXO-
Isiiero B ypaBHeHusl (343) u (344). B camom nese, BHIYHCJIHB CKO-
POCTHYIO XapakTepuHcTHKY W = VU}—’ HaxomuM mo TabyHne ¢yHK-

wi#t W = f(R) cooTBeTcTByIOUlee NaHHOH CKOpPOCTHOH XapaKTepHCTH-
Ke 3HaueHHe THApPABJHYECKOro panuyca R. 3areM MOXKHO oOfpeje-
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JHTb CMOUeHHBIH nepuMerp, TaK Kak IVIONIAJb XKHUBOIO CeYeHHdA Ka-
Ha/la © H3BE€CTHA H3 paBEHCTBA

HakoHen, BHIYHC/SIOTCS 3HAUEHHs] HCKOMBIX BeJHUHH A W b Helo-
cpefictBeHHO mo (opmynam (343) u (344).

Mpumep 36. Ompemesum rIyOHHY HANOJHEHHS KaHaja Tparnene-
HJaJbHOTO CeYeHHsl, 1Ji KOTOPOI'O H3BEeCTHBHl CJeAylolide THAPaBJH-
yeckHe sjeMeHTsl: pacxon Q =100 wm®/cex, yxmom J =0,0001,
KO3((DUIHEHT UIepOXOBATOCTH
n = 0,025, xosapduunent 3a- -i% 4
JIOXKeHHsI OTKOCOB m = 2,5,
wHpHHa Mo mHy b = 15,0 m. 487

3ajaBasich pasIMYHBIMH 460
3HayeHUsIMM TIJIYGUH HAmOJIHE- 4o
HUs A, HampuMep, B mpenesax
or h=40mn0 h=4,80 n 4%

onpefiesisieM IJs Kaxkuold Iay- 440 '

GHHEI TJIOMIANL XKHBOrO Ceue- K= 10000 m¥pox == p

HHSl ©, CMOYeHHHIH NepUMeTp , . L L )
X, runpaejuyeckuil paguyc R, 3006 9008 10000 HOUG M feex
KoapdunrenT C U pacxomHYIO

xapaktepuctuky K = oC)/'R- Pye. 137

PesysibTatel BBIUHC/IEHHI CBO-
IuM B Taba. 15, mo nammeiM  Kotopodi crpouM rpaduk K = f(h)
(puc. 137).

Ta6numa 15
PesyabTaThl BHIYHCAEHUS K mpumepy 36

h, m o, M2 X M R n Cc K, m3/cex
4,00 100,00 36,56 2,73 48,55 8010
4,20 107,10 37,64 2,84 48,90 8850
440 114,50 38,70 2,96 49,22 9700
4,60 121,90 39,80 3,06 49,42 10510
4,80 129,60 40,88 3,17 49,65 11300

I[Jlﬂ HU3BECTHOIo 3HAa4YeHuda
K=-2 19 _ 10000 n®cex

no rpaduky, H3o6pakeHHOMy Ha puc. 137, ompefnesseM HCKOMYIO
rny6uHy HamosHeHHUss A = 4,48 m, COOTBETCTBYIOIIYIO LIMPHHE KaHa-
Ja mo auy b = 15,0 m.

Mpumep 37. IIna xaHasa, NPOXOAAIIErO B 3eMASHOM pycie H
umetomero ykaod J = 0,0001, pacxox Q =75,0 m¥/cex, kospdu-
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nveHT mepoxoBaroctH n = 0,0225, xoshGUUHEHT 3a/0KeHHS OTKO-
coB m = 1,5 u m’ = 3,606, onpepenurs rayGUHy HamOJHEHHS M LIH-
pPMHY KaHaja 1o AHy b npH yCJIOBHH, YTO CKODOCTb TeYeHHs BOJIEI
B Kanane paBHa v =0,80 m/cex. Cnayana ompefenum sHaueHHe
CKOPOCTHOH XapaKTepHCTHKH

v 0,80

= ]—/7_ = ]/O_ W = 80 .M/C'efC
M IJIOMAJb KUBOI'O CeYeHHsI o = % = %8 = 93,8 2. ITo Tabauunam

dyuknuit W =C}V/ R = f(R) naxonuM, uto npu W =80 mlcex mis
n = 0,0225 rugpaBanueckuil paguyc R = 2,35 m. Toraa

CaenoBartenbHo, 1o (343) nmosyuaem:

P _ T e 39,90
T om —m) Tm —meE  (m —m)  2(3606—15

39,907 93,8
- 1/4(3,606 — 15 —@eoe—15 — 4 —6.74=273 u

b=%—m'h = 39,90 — 3,606-2,73 = 30,06 x.

I'2asa dessmas

B3AMMOJEVCTBUE MOTOKA W TBEPJIOIO TEJIA

§ 57. AKTHBHOE W PEAKTHBHOE B3AMMOJEWCTBHE MEXJY CTPYEM
W TBEPIOM NPErPAJION

AkTHBHOe B3aMMOfieHCTBHE MeXAy CTpyed M TBepHOH mperpajoi
MMEeT MeCTO B TOM CJyyae, KOTJa CTpPys, BBITEKawllas M3 COMIa,
HaTaJKHBAaeTCs Ha HEMOIBIXHYIO HJIH TNOIBHXHYIO Nperpajy, Hampu-
Mep, B BHJE BHIIYKJOH H30rTHyToH nuactuHKM (puc. 138). Ilocae
ylapa O IJIaCTHHKY CTpysl pacTeKaercss MO ee NMOBEPXHOCTH CO CKO-
poctbio ¢. B meHTpe niacTHHKH ofpasyercsi BHXpeBasi 30Ha. Ilpu
STOM CTPYsl OTKJIOHHTCSI OT CBOEro IepBOHAYaJbHOrO HampaBJIeHHs
Ha yroJ e, BCJEJCTBHE Yero IJIaCTHHKAa OYyJeT HCMLITHIBATb CHJY AdB-
senuss X B HampaBseHun oc comma S —S. Cuna X sABjsercs CHJIOH
aKTHBHOTO JaBJIEHHs CTPYH Ha HEMOABHXKHYIO IJIACTHHKY.

CuJly axkTHBHOIO JaBJIeHHSl CTPYH Ha IIperpaiy OINpeesuMm,
NpHMEHHB TeopeMy 06 M3MeHEeHHH KOJHMY4ecTBa [BHKEHH K OTCEKY
KugakocTH Mexny ceueHusmMu O — O, I—I1u I'—]’. Ilpumem 3a ochb
npoekuuii ocb comna S — S. CocraBUM NpOEKLHIO HAa STy OCb H3Me-
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HEHHA KOJHYEeCTBa [BUKEHUA 3a BpeMd At, KOoTOpas JIOJiXKHa OBITD
paBHa IIpOEKLHH HMIIYyJibCa CHJIBI 3a TO XK€ BpeMmsd:
m

me,At — 3

¢ cos eAt -—’-;—ccos eAt = XA¢,

Tle m — Macca ¥XUIKOCTH, BOWIemeH B orcek uepe3 ceueHne O — O
3a Bpems Af.

Puc. 138 Puc. 139

[Npunumas c, =c¢ (MOTEPAMH 3HEPrHH HA YYacTKe [OTOKA MEXLY
ceyeHussMH O — O u I —I MOXHO NpeHeGpeub), HMeeM

XAt = mey (1 — cos €) Af.
INonaras At =1 cex, OKOHYaTeJLHO MOJYYHM

X = pQc, (1 — cos ¢), (345)
roe Q — pacxop comnJa.
Eciu nsacTMHKa BOTHY-
Tasl, Kak IOKas3aHO Ha pHC.
139, 10 yroa e Goabuwe 90°
a cose MMeeT OTpHIaTeb-
Hoe 3Hauenue. [TosTomy co-
rJIacHo 3aBHcHMOCTH (345),
aKTHBHOE  JaBJjieHHe JJId
BOTHYTOH NJIACTHHKH OyAer
6oJibllle, 4YeM [/ BBINYK-
Jgoii. B wacrHOM cayuae,
korma e =90° u cose =0
(puc. 140),

X = pQe,. (346) Puc. 140
[IpeamosoxkuM, 49TO HJOLIAJb CEYEHHs COMJa pDaBHAa ® H COIIO

3aKpHLITO MJIOCKOH 3ajBHKKOH. Toraa naB/ieHHe Ha 3aABHKKY DaBHO
P = pgowH, rge H — Hamop Haj LeHTPoM TskectH comsa. G apyroi
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ctoponsl, ¢, =V 2gH (ecin ¢ = 1) 1 Q = oc,. Torna akTiHBHOe IaB-
JeHne X MoxeT ObIThb NPEACTaBJEHO TaKOH 3aBHCHMOCThIO:

X = 0Qc, = poc] = 2pgwH.

CrenoBaTe/IbHO, aKTHBHOE JaBJeHHE MNOTOKA Ha IVIOCKYIO IJIACTHHKY
B JiBa pa3a OoJjblle TOr0 THAPOCTAaTHUECKOIO AaBJIeHHS, KOTOPOe Jel-
cTBOBasIO OBl Ha 3aKpBLITYIO 3a/BHXKKY COMNJa IpH Hamope H, coorteer-
CTBYIOIIEM CKOPOCTH C,.

PaccmorpuM B3auMOJeHCTBHE CTPYH H CHCTEMBl IJIACTHHOK, JBH-
KYIIUXCST CO CKOPOCThbiO # (IIPHMEPOM TaKOro B3aHMOJEHCTBHS MOMKET
CIYyXHTb CXeMa KOBIIOBOH TypOMHEI, MoKa3anHass Ha puc. 142). O6o-
3HauuM yepe3d X' akTHBHOE JaBJieHHE CTPYH Ha ABMXKYIIVIOCS IJia-
ctHHKY (puc. 141). B aToMm cayuae :KUAKOCTb OYAET ABHUIaThCS BMECTE
C MJACTUHKOA CO CKOPOCTBIO % M OJHOBPEMEHHO IepeIBUTaThCsi 110
TMJIACTHHKE C OTHOCHTEJNbHOH CKOPOCTbIO ®w. Tak KakK CKOPOCTH ¢, H
U HUMeIOT OJHO HalpaBJieHHe, TO OTHOCHTEJNbHAs CKOPOCTb JABHIKEHHS
CTPYM MO TIJACTHHKe GYyJeT paBHa w = C, — 4 U aKTHBHOE JaBJIeHHE
X’ BBIpasuTCAd 3aBHCHMOCTBIO

X =pQw =pQ (c, —u). (347)
MoHocTh paBHA NPOH3BENEHHIO CHJBI Ha NyTh 3a 1 cex:
N =Xu=pQ(c,—u)u =pQcyu — pQuZ. (348)

YpaBHenue (348) npexcraBasier coGoit dyHkumo N = f(u) npu Q =
=const u ¢, = const. Ilpn u = 0 (nnacTHHKA HENMOJABHIXHA) aKTHBHOE
IaBJeHHe OyZeT MaKCHMaJbHBIM, HO MOIIHOCTH paBHa Hymo. [lpu
u =c axKTHBHOe JaBJjeHHe X’ M MOINHOCTb paBHH HyJo. Haiimem
makcumyM ¢yHRumu N = f(u). Ias 3toro ee nepByl0 NPOH3BOIHYIO
npHpaBHsieM Hy.mo

o= =pQcy — 2pQu = pQ (¢, —2u) =0
OTKyZa
u="=2L (349)

C,
CrienoBare/IbHO, MaKCHMajbHas MOWHOCTL Ny Gyzer mpn u =u, = 3
(unnekcom 0 OTMeyeHB! BEJIMUMHBI, COOTBETCTBYIOI(ME MaKCHMAaJbHOH
momHoctH). Toraa
— Yy — x'% __ € — o
Ny=X'u,=X o —PQj(co_uo)—PQQ—X
c 03
0 — _
X (co — 7) = Q. (350)
BennuvHa KHHeTHUeCKOH 9SHEPrHH CTPYH, BBHITEKawoiled H3 comJa
CO CKOPOCTBLIO ¢y, PaBHa
mcg

2

‘o
7 =3
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Takum oGpasoM, B pe3yJbTaTe B3aUMONEHCTBHSI CTPYH M  CHCTEM
BepPTHKAJIBHBIX TWIOCKHX IIJIACTHHOK, IBHKYIIMXCS CO CKOPOCTBIO u,
HCIIOJIb3yeTCs TOJBKO TIOJIOBHHA SHEPTHH, KOTOPOH obnajaer CTpys,

BbIT€KAmlass U3 CcoIlja.
OHPEIIGJII/IM, rje cocpegoTodYeHa OcCTaBIIasACs HEUCII0/1b30BaHHGH

KHHETHYECKass SHEPrusd. Bona IpH CXOIe C NJaCTHHOK HMEET OTHO-
CUTEJIbHYIO CKOpPOCThb

-C

w—Z

y
“:—?/—:-//

7 -
. L
n2
Puc. 141

AGcomoTHas CKOpPOCTb IIPH CXOJe CTPYH C IJIACTMHOK ¢’ paBHa
(puc. 141)

v 132 cg Cg___ Co
¢ =Volt+u®= T+T~I/—2—,
a KHHETHYeCKas 3HEeprus COCTaBJIET BEJHYHUHY
mey  pQcy  pQc
2 " 2-2° T4

Takum o6pasoM, HEHCNOJb30BaHHAS YacTb SHEPTHH 3aKJ/IOUeHa B
cTpye, cxoifulell ¢ IJacTHHOK. Eciu BMecTo miacTHHOK yCTaHOBUTH
JIONacTH B BHZe KoBlIeH (pHuc. 142), TO MOXKHO yBEIHYHTH HCIOJB30-
BaHMe 3Hepruu. B 3ToM ciyyae cTpys pasjelsercs Ha IBe paBHbIE
YacTH, M3 KOTODHIX KaxkJas oOTeKaeT CBOe IOJIYIIapHe, U YroJj MOBO-
pora crpyn paBeH e = 180°. Cusia HaB/eHHS] HA HEMOABHKHYIO JO-
nacTb Tako#H KoHpurypauuu OyIer paBHa

X = pQc (1 — cos 180°) = pQc2 = 20Qc, (351)
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T. €. B JIBa pas3a GoJibllle, 4eM Ha BePTHKAJbHYIO NJIOCKYIO MJIACTHH-
Ky. MoxHO nokasaTh, 4T0 M JJIsi JONacTefl KOBIIOBOH TYPOHHBI Hau-
GoJiblliasi MOIIHOCTH MOJIYYUTCS NMPH aGCOJIOTHOH (HIEepeHOCHOH) CKO-

C
poctu U, = —% , UEMY COOTBETCTBYET HanboJbIIas BO3MOMXKHAS MOILI-
HOCTb:

Ny=X'uy=X'%2. (352)
G npyroii CTOpOHHI,

X' = 2Qw = 20Q (e — o) = 20Q(6o — %) = pQcs;

L_0 CJienoBateJibHO,

2
— xr% _ P
Ny=X2 =50

1 (353)

= :5'. Takum o6pasom, IpH

9% psammopeficTBHE CTPYyH C

} IBUXKYIIUMHCS  JIOTACTSMH

KOBIIIOBOiI TYpPGHHHEI Teope-

Puc. 143 THYECKH HCIOJIb3yeMasi MOIL-

HOCTh paBHA IOJHOH KHHe-

THUYECKON SHEPrHM CTPYH, BHITeKawomefi H3 comya. B meficTBUTENBHO-

CTH OHa HECKOJbKO MeHbllle H3-32 HaJIMYHs TI0Tepb SHEPTHUH INPH
o6TeKaHHH Jonacred.

PeakTHBHOe B3auMOpeHCTBHE MeXIy CTpPyedl H TBEpPIbIM TEJIOM
HMEeT MeCTo B CJIydae BHITEKaHHS CTPYH H3 KakOro-jin6o cocyna.
Ilpu 3TOM Ha CTEHKY COCyZHa IO OCH OTBEpPCTHs HEHCTBYeT peakTHB-
Hasl CHJla, KOTOpast CTPEMHTCS NePeMeCTHTb COCYJ B CTOPOHY, NPOTHBO-
NOJIOXKHYIO JIBUXKEHHIO cTpYH (pHc. 143).

PeaktuBHy!0 cHJIy oOmpeiesHM, IDHMEHHB 3aKOH KOJHYeCTBa
IBUXEHHS K O6BbeMY KUAKOCTH Mexay ceueHusimu 0 —0 u [ —].
3a ocp mpoekuMH NpHMeM JHHHIO S — S, NPOXONSAIIYI0 Yepe3 LEHTP
TSXKECTH OTBepcTHS. TakK Kak KHAKOCTh B COCYJ He IIOCTYIaerT,
a JIMIIb BbITEKAeT Yepe3 OTBEPCTHE, TO NPOEKIMsS H3MEHEHHS KOJIH-
uyecTBa JBHXKeHUS] Mexny ceuenusmu 0—O0 u I—I1 Ha oce S—S,
paBHasl NPOEKUHH HMIYJbCA CHJI, BBIPA3HTCS 3aBHCHMOCTBHIO

0 —me, = X,
oTKyza
X =—pQc, = — pocy. (354)
Ho Ttak kak ¢, =V 2gH npu ¢=~1,0, 10 ci = 2gH;
= — pw2gH = — 2pgwH. (355)
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CrienopatesbHO, peakTHBHAsl CHJIa, BO3HHKAIOMIAsi NP BHITEKAHHH
JKHIKOCTH M3 COCyJa, HanpaBJeHa B CTOPOHY, IPOTHBOIOJIOKHYIO
IBMXKeHHIO cTpyd. Ilpu 3TOM peakTuBHas cuja B JBa pasa 6oJblie
CHJIBl THJPOCTATHYECKOTO JaBJEHHSl, KoTopasi JelcTBoBaja Obl Ha
MJIOCKYIO 3aJBUXKKY B cJyuae 3aKpbiTHs OTBepcTus. B atoM oTHO-
LIEHHH MBI MMeeM IIOJIHYI0 aHAJIOTHIO C aKTHBHBIM J[aBJEHHEM.

[Tpexnonoxum, uto cocyn OyHeT NepeMemiaTbCsl INOJ XHeHicTBHEM
peaxkTuBHOH cHsbl. Torza B pesyJbTaTe B3aUMOJEHCTBHSI CTPYH H
cocyaa Oynzer mnpousBeieHa pa6ota. Ha sToM mnpuHIHIE OCHOBaHO
JeHicTBHEe PeakTHBHBIX TypOHH, B KOTODHIX CTPyH, BHITEKasi M3 KaHa-
JIOB (cocyzoB), 0Opa3scBaHHBIX JONACTSMH paGouero KoJeca, CO3ZAIOT
peaktHBHYyI0O cuay. Cuja XXe peakTHBHOTO IaBJIEHHSI OGYCJIOBJIHBaeT
obpa3oBaHKe B TypOHHE BpAIAIONIETO MOMEHTA, NPHBOXSIIErO B XBHU-
JeHHe pabouee KOJeco.

§ 58. YPABHEHHE BEPHYJIJIM /iJi1 OTHOCHTEJIbHOIO ABH)KEHH S
XHUAKOCTH

PaccMOTpHM IIOTOK JKMJAKOCTH B KaHajiaX, OOpasOBaHHBIX JIONa-
cTIMU Bpaujamonlerocssi pa6oyero koJieca JONACTHOH T'HJPaBJIHMYECKO#H
MalivHel. B 3ToM ciyuyae ABMKeHHe XKHAKOCTH OyJeT CJOXKHBIM, CO-
CTOSIIYM H3 OTHOCHTEJbHOTO IBHIKE-
HMsl BJIOJIb KaHaJoOB M BpallareJb-
HOTO JIBUXKEHHS BMecTe C paGouHM
KoJsiecoM. YpaBHeHHe Bepuysuin pas
YCTaHOBUBIUETOCS ~ OTHOCHTEJILHOI'O
JIBUKEeHHs MOXKHO BBHIBECTH, paccMat-
puBasi 5JEMEHTapHYIO CTPYHKY HJe-
asbHON xujgkoctd. Ha puc. 144
NOKa3aHel JBe Jomactd paGouero
KoJieca THADABJIHYECKOH TYPOHHHL,
MeXJy KOTOPBIMH JBHXKeTCsl NOTOK
x)unakoctH. Pabouee kodieco, a cie-
JoBaTeJIbHO, H €ro JIonactT# Bpalla-
1otcst BoKpYr ocu O ¢ yIJoBOH CKo- Puc. 144
POCTBIO ® NpH pajuycax BpalleHUs
ry U r;. BXoIHOe M BHIXO[HOE ceyeHMs KaHaja, OOpPa3oBaHHOro Jio-
nactsiMi, oGo3HauuMm ceuenusmu [—I u 2—2.

BriBeieM ypaBHeHue DepHysm st OTHOCHTENBHOTO [BUKEHHS
HeaJbHOH IKHUIKOCTH MEX1y CeueHHsMH [—I M 2—2, WCHOJbSYs
ypasuenne Bepuysn B ¢opme (144), nosyueHHoe 1S yCJIOBHH agco-
JIIOTHOTO JIBHU3KEHHs] JKHJIKOCTH B 3JIeMEHTapHOH CTpYHKe:

1 1
dU—-;dp =—2-d(u2),

HJIH
(Xdx + Ydy + Zdz) — -;- dp = d(u?).



Cnenyer saMeruTh, 4YTO JieBasi 4acTb ypaBHeHus1 DBepnysnn npen-
cTapJjsieT co60I0 CyMMYy pabGoT BceX AEHCTBYIOIHX Ha XKHIAKOCTb CHJI,
OTHEeCEHHHIX K eJUHHUIIE Macchl, a IpaBas 4acTb — H3MEHeHHe KHHe-
THUECKOHl SHEPTHH €IWHHUIbI Macchl JBHKYLIedcs XKHAKOCTH, IPOHUC-
niefilliee 3a eIWHUILY BpeMeHH MOJ JAeHCTBHEeM BCeX YKa3aHHBIX CHJIL.
Bripaxenue xe (Xdx 4 Ydy -+ Zdz) npezncrasiser co60i cymMMy pabot
06beMHBIX CHJI, OTHECEHHBIX K efuHHIe Macchl. [lostomMy npu ucnosb-
30BaHMH ypaBHeHMA DepHyJIH /s YCJOBHE OTHOCHTEJbHOIO JBHIKe-
HH HeoOXOJUMO B 3TOM YpaBHEHHH BMeCTO abCOJIIOTHOH CKOpPOCTH
U TIOACTaBUThb OTHOCHTENbHYIO CKOPOCTb ABHIKEHHS YACTULIBI *KUAKOCTHU
w (CKOpOCTh JIBMIKEHHS BJIOJb KaHaja MeXjay JIONacTsMH), a B CyM-
My paboT OOBEMHBIX CHJI JOOaBUTb pPabGOTy (OTHECEHHYIO K eIHHHIIe
Macchl) LEHTPOOGCIKHBIX CHJI WHEPLHMH, BO3HHKAIOIUX IIPH BpaLleHUH
TYpOUHEI, T. €. BeJUYHHY

Xdx + Ydy = o*rdr, tae rdr =d (%2) =d (ﬁ%“i) )

Tak kax NPOEKIMH CHJI HHEepUHH, OTHECEHHble K €IUHHIE MacChl,
COOTBETCTBCHHO paBHBI:

X =o0%; YV =0 Z=—g¢g,
T0 — gdz + wzrdr——%dp =d(‘“,’—;).

TpounterpupyeM 310 ypaBHEHHe B IHpelesiaXx MeXIAYy CeYeHHAMH
1—1 u 2—2:

2
—glzli— 1o+ % 2

H jaJee:
1 02, 9 — “’l
— g —2)— (2 —pi) + S — ) = 20
HJIk
2,2 2,2 2 2
pl [0 r2 (0] fl . w2 -_ wl
Zg-l—zl —l— + %2 % —'—2—g—. (356)
Tak xak nepeHocHasi CKOpOCTb uU = wr, TO
2 2 2
Pz w2) ( Pl ) up g
2 == = 2 =i —
HJIN
2 2 2
P2 wQ) ( 2% ) Y 4
2 — = =
(ot 24 5) =+ 2 5] 42 —a. (357)

Ypapnenue (357) sBnsiercsi ypaBHeHHeM DepHy/mn st ssiemeH-
TapHOH CTPYHKH HJAECaJbHOH KUIKOCTH, HAXOISALIEHCH B OTHOCHTEJIb-
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HOM JBHiKeHHH. B 3toMm YpaBHEHUH 3SHEPrusg 4YacCTHILHI HIeaJbHON
KHJIKOCTH YBEJHYHBACTCsS HA BEJIHYUHY

w4
% 2

3a cueT paGoThl HEHTPOOEKHBIX CHJI.

PaccmatpuBass CTpYHKY BSI3KOH KHIKOCTH, Mbl JOJIKHBI y4yecTb
[IOTepH SHEPTHH, KOTOpble JOJIKHBl ObITb BBIUTEHBl M3 NIPaBOH 4acTH
ypaBHeHusi. YpaBHeHue DepHysnu aisi sJjeMeHTapHOH CTPYHKH BA3-
KOH XMJIKOCTH, HaXOAdIelHcs B OTHOCHUTEJbHOM JBHXKEHHH, HMeeT
cjefylomui BUA:

2 9 2 2
S s pe | @2



YACTh BTOPASA
JIOMACTHBIE THJIPOMAIIHHBI U THIPABJIHYECKHE
NEPENAYH

PASOEJ I
JONMACTHBIETUAPOMAILIHUHDBDI
T 2a8a Oecsimas

OBIIME CBEAEHHS O JIOIACTHBIX THAPOMAIINWHAX

§ 59. HASBHAYEHHE THPABJIMYECKHX MAUIMH H KPATKHE
CBEAEHHS O HHUX

IuppaBivyeckne MalIMHBL CJyXKaT JJisl MpeoGpasoBaHHsS MEXaHH-
YeCKOH 3JHEpPrUH JBHTaTeNis B SHEPTUI0 IlepeMelllaeMCH KHIKOCTH
(Hacocel) WAM TUIPABJAHYECKOH SHEPruM IMOTOKA JKUAKOCTH B Mexa-
HHYECKYIO Hepruio (ruApaBjdYecKHe IBHIaTeNH).

I'mppaBiyuyeckye MaliuHbI JEJISITCS Ha JiomacTHble THAPABJIMUYECKHE
MalKHbl (LeHTPOOeXKHBe U OCEBEIE HACOCHI, T'HApPAaBJHYECKHE TYPOHHBL
M Tp.) U oObeMHble MallHHBI, JeHCTBYIOUINE MO NPHHLIHIY BEITECHEHHS
JKHAKOCTH (TIOpILHeBHle, POTOPHBIE M Jpyrue HAcoOCHI).

K ruapaBiyyeckMM MallHHAM OTHOCAT U HEKOTOpHIE CleliHalibHble
YCTPOHCTBA, CJyMKallHe, TaK e KakK H HAcOoChl, AJs TMepeMelleHHs
JKHAKOCTeH:

1) rugpasiuyeckue TapaHbl, OCHOBaHHblE Ha NPHHIMUIIE HCIOJb30-
BaHUA JaBJeHHsl, NMOJYYAIOLIErocss NPH IMAPaBJIHYECKOM YHAape;

2) 3xeKTOpH! (BOLOCTPYAHBIE HACOCH), B KOTOPHIX MOLBEM KHIKOCTH
NPOHCXOAUT 32 CYET MCMNOJb30BaHUA KHHETHYECKOH 3HEpPruH CIpYyH;

3) 3pJH@TH — yCTPOHCTBA I/l MOABEMA BOJABI M3 CKBaXHH IpH
IOMOIIH C3KaToro BO3JyXa.

IlepBriM ruppaBaMuecKuM JBurartejeM ObIO BOJSIHOE KOJIECO,
C TOMOIIBIO KOTOPOTrO HCIOJIb30BaJach SHEpPrHsi TeKylled BOABL, a
NMepBEIM HAcoOCOM — ITOPLIHEBOH Hacoc. BoasHble KoJjieca Hayaau INpH-
MeHATbea Gosee 3000 ser Hasag B Kurtae, Erunrte u MHaum B Ka-
Y4ecTBe MCTOYHMKA 3HEeprHH JJif NoAbeMa BOJBl B OPOCHTE/NbHBIE Ka-
Hasbl ¥ JJ1 BpaUeHHs] MeJbHUYHBIX KeDHOBOB. BonsHbIE MEJbHHULEL,
TNOpIIHEBble HAcoChl, MPHUBOJAUMEIE B JIeHCTBHE MYCKYJBHOH CHJIOH
ueJIOBEKa M JKHBOTHBIX, a TaKxkKe Hacochl, MPHBOJMMbIE B JEHCTBHE

232



IpH TOMOUIM BOISIHEIX KOJieC, OBIIM H3BECTHBI H NPHUMEHSINCh B JpEB-
Heil Pycu. B nomerposckoit Poccun B XVI B. yxke cTanu nosBasTbes
¢abpuk¥, HCIOJH3OBABLIME BOLSHYIO SHepruio. Beaukuil pycckuil
yuenbiii M. B. JIOMOHOCOB B CBOMX TpyJax ONMCaJ pasJHYHblE Ha-
COCHl, B YaCTHOCTH, KOHCTPYKUHUH HAacOCOB JJsI OTKAauKH BOABl U3
rany6okux waxrt. B 1752 r. M. B. JIoMOHOCOB NpHCTYNHJ K MOCTPOfi-
ke Ycrb-Pypuunkoi crekosbHoH ¢abpHkH, Ie BOAsHBbIE KoJieca IIH-
POKO NPHMEHSJIMCh JJis NPHBeJeHHs] B JBHXKEHHe JIECONUJBEBIX paM,
MeJIbHHUIL H psifla JpYyrux ycraHoBoK. B cepemune XVIII cronerus
TOJIBKO Ha OIHOM ¥ paJjie cyliecTBoBajo Gosee 150 3aBOZOB, MMEBILNX
THpaBJHYeCKHe YCTaHOBKH. B 1787 r. u3BecTHBIfi pyCCKHil THApPO-
texHuk K. . ®posioB nocTpons Ha SMEHHOrOPCKOM pyAHHUKe (Aunrait)
HOJ3eMHYI0 THAPOCHJIOBYIO YCTaHOBKY IJil OTKAUKH BOJBl M3 ILAXT
u noabeMa pynwl. IlapoBasi MmamimHa, usoGperenHas U, W. Ilossy-
HoBbIM (1765), cTaja MIHPOKO NMPHUMEHSThCS [JIs1 NPHBENEHHS B Jei-
CTBHe IOPLIHEBHIX HAacOCOB.

B cepenune XVIII B. unen Poccuiickoii akamemun Hayk JleoHapn
Ditnep (1707—1783) cospan 3HAMEHHTYIO TEOPHIO JIONACTHBIX T'HADAB-
JIMYeCKHX MaNIMH, onyGIHKOBaHHYI0 B TpyJe «DoJsee mosnass Teopusi
MalivH, NPHBOAHUMEIX B JBHXKeHHe peficTBueM Boib (CI16, 1754).
Akanemuk Diiep BBIBEJ 3aBHCHMOCTH, XapaKTepH3ylomHe pa6oty
JIONACTHRIX THJIPABJAMYECKHX MallVH, ONepeJUB TEXHUKY MOUTH Ha
cro Jser. Toapko B cepepuHe XIX croserusi, kKorma B 1835 r.
A. A. CabnykoB u3obpes LEHTPOOEKHBIH Hacoc, ypaBHeHHs Jiljepa
CTaJM HAaXONUTb CBOE IpUMEHEHHe NPH IIPOEKTHPOBAHHH T'HJAPABJH-
ueCKHX TYpOMH H IEHTPOOeKHBIX HacocoB. Mcmosb3oBaHue paGot
Dfiepa Havasock B KoHIe XIX crosernsi, Koria ObIH CO3IaHHL JI0-
CTaTOUYHO ObICTPOXOJHBIE JBUraTeJH JJIsi HacocoB, a THAPOIHEPreTHKA
crana noJyyatb OoJee IHpoKoe passuTHe. B 1889 r. 6bl1 CKOH-
cTpyupoBaH ¥ usrorosjeH B. A, IlymeyHHKOBHIM mepBEIii T/1yGOKO-
BOJHBEIA OCeBOH Hacoc, KOTOpHIH B cBoe BpeMsi paboTajJ Ha MOCKOB-
CKOM BOJIOIPOBOJE.

VisBecTHBI pycckuil yuyeHBH M HHxkKeHep akaieMuk B. I'. Illyxos
paspaboTtas psif LeHHeHIIMX KOHCTPYKUMH IOPLIHEBBIX HAaCcOCOB JJIsi
OTKauk# HeTH M3 IMIyOOKUX CKBaXKHH U NEPBHIH H3JIOXKUJ TEOPHUIO
paGoThl MapOBLIX IOPLIHEBEIX HACOCOB NPSMOTO JEHCTBHS.

Kpynneiimne pycckue yuensle H. E. )Kykosckuit u C. A. Yan-
JHITHH ~ pa3paboTaji TeOpeTHYeCKHe OCHOBBl OOTeKaHHsl IOTOKOM
KpblJla, HOCHyXKHUBLIMe 6a30 s NPOEKTHPOBaHMsA JomacTedl pabouux
KOJIeC M HaNpaBJIOMMX annaparoB JIONACTHBIX MAllHH, YTO NO3BOJIMJIO
COBETCKHM HHIKEHepaM CKOHCTpYHpPOBaTb psx TypOHH M HAacocoB
COBepIleHHe MIIHX KOHCTPYKIMH. VCKJ/IIOUNTENPHO LIeHHBIMH SBJSIOTCS
Takxke pa6orsl mpodeccopa M. M. Kykosesckoro, KOTOphifi mepBbIM
NPHMEHHJI 3aKOHBEI JHHAMHYECKOTO INOAOGHS K NPOEKTHPOBAHHIO LEH-
TpoGexkHeIx HacocoB (1904) ¥ TeM caMblM MOJIOXKHJI HayaJo CTPOTro
Hay4YHOMY J1aGopaTOpHOMY SKCIEepHMMEHTHPOBAHHIO B 00JIaCTH Hacoco-

CTPOEHHS.
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Axanemnk I'. ®@. Tlpockypa, mpodeccop U. U. Kyxonerckuii u
npodeccop M. H. BosHeceHcKHit c03[a/y MpOIEJJIepHBIE HACOCHI
IJsi KaHaja HMeHH MoCKBEI ¢ TPOHM3BOAUTEBHOCTBIO 25 m3/cex mpu
nuamerpe pabouero koseca 6,0 m. OnbT 3KcmiyaTtanuy 3THX arpe-
raTtoB B TeyeHHe 25 JleT CBHAETEJbCTBYET 00 HX BBHICOKHX KayecTBaX.
Cosfjanne HacoOCOB JJis KaHaja WUMeHH MOCKBBI OblI0 GOJBILON MO-
Geoif COBETCKOH HAayKH H TNPOMBILIJIEHHOCTH ¥ SIBUJIOCh HayaJoM
IIHPOKOTO DAa3BHUTHSl OTEUECTBEHHOIO T'MAPOMAILHHOCTPCEHMsi. B Ha-
CTosillee BpeMsl Mbl MMeeM DPsii KpPYNHEHAIHX 3aBOJOB, M3rOTOBJSIO-
UIMX HAcOCHl M THIAPABJHYECKHe TYpGHHBl CaMbIX pAasJIMUHBIX THIIOB
M KOHCTPYKLHIL.

B nene pasBUTHA COBETCKOIO THAPOMAIIHHOCTPOEHHs GOJIbILHE
3acJayrH npuHajjexar Takxke npodeccopy M. I'. Ecebmany, npodec-
copy H. M. IllanoBy, H. H. Kosasesy, C. C. Pyauesy, B. C. Kpar-
KOBCKOMY H MHOTMM JDYIMM y4YeHHIM H KOHCTPYKTOpaMm.

§ 60. MPUHLMUIT REACTBUSA JIONACTHBIX MALUMH

Bosbiuass rpynna COBPEMEHHBIX THAPABJMYECKHX MAaIlUH OTHO-
CHTCSL K KAaTerOpHH JIONACTHBEIX MAaLIHH.

OCHOBHO! 4acTBIO JIONACTHOH THAPaBJHYECKOH MAalNHBL SABJSIETCS
paGouee KoJjieco, COCTOsIee H3 H3OTHYTHIX JIONAcTeH, MPHBOIUMOE
BO BpallleHue IBHraTeseM (Hacoc) HJIH TNOTOKOM BOJbl, 00JiaJaroliiM
3anacoM KHHeTHYeCKOH H IOTeHIHaJbHOH
sHepruu (typ6una). OGpamasch cHavalda K
OIIMCAHUIO NPHHIHUNA JAeHCTBUS JIONACTHHIX
HacocoB, OTMETHM, 4TO [peoOpasoBaHHe 3HEp-
TMH JBHraTe/]sl B HHX NPOHCXOAUT B IIpolec-
ce oOTeKaHHs JomacTeil pabouyero KoJeca
H HX CHJIOBOTO Bo3iedcTBHsl Ha moTok. [lpu
3TOM CO3Jaercs HelpeprIBHOE NepeMelleHHe
JKHJIKOCTEH OT IEHTpa KoJieca K €ro nepu-
¢depun  (ueHTPOGeXKHBIE HAcoChl, pHC. 145)
HJIH B OCEBOM HamnpaBJ/IeHHH (OCeBBIE HACOChI).

B ruapasanyeckoil TypOHHE cOBeplUaeTcs

Puc. 145 o6paTHBIA mpolecc Npeo6pasoBaHHs SHEPTHH

[OTOKA KHJAKOCTH B MEXaHHUYECKYIO 3Hep-

THIO BpalleHHs Basa JBurartets. JIBH:KeHHe MKHIKOCTH B TypOHMHE

NPOMCXOAHUT IIOJ HalopoM, CO3[aBaeMbIM pasHOCTBIO YPOBHeH Bepx-

Hero M HHKHero GbetoB, a BpalleHHe Baja pafoyero KoJjeca — B pe-

3yJibTaTe aKTHBHOIO HJIH PeaKTHBHOIO BO3JEHCTBUS NMOTOKA Ha H30T-

HyTble Jonactd TypOuHE. IlIpu 3TOM XKHMJKOCTb ABHKETCS MEXIy Jo-

nactMH pabouero KoJieca B paiHaJjbHO-OCEBOM HJIM OCEBOM Halpas-

JeHnd. B mepBom ciyyae TypO6HMHAa HasblBaeTCsl pajfHaJsbHO-OCEBOH
(puc. 146), Bo BTOPOM — IpPOMEJIIEPHOH.

IToTOK KHMAKOCTH MeXAy JONAacTMH THAPAaBJIMYECKHX MAallUH
XapaKTepu3yeTcsl BeJUYHHOH M HamnpaBJieHHeM a6CO/MOTHOH CKOPOCTH
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B KaxJof TOYKE paccMaTpuBaeMoii o6sacTH. 3HaueHHe aGCOJIOTHOM

CKOPOCTH ¢ 4HacCTHIbl KHUAKOCTH B 00J1aCTH JIOTIACTHOTO KOJIeCa MOIKET
OBITh MMOJIYYEHO JJId JIONMACTHBIX MAIIHH KaK TIeoMeTpHYeCKasa CyMMma

—

OTHOCHTEJLHOH CKOPOCTH @ M IEPeHOCHOH & M3 mapaJjulesiorpamma
ckopocteil. JIBHXKeHHe XHAKOCTH B KaHaJjie MEXAY JIONACTSIMH II€HTPO-
6eXXHOH MallMHLI NP IOCTAaTOYHO OOJBLIOM MX YHCJE M He3HauHuTe/b-
HOIl IMpHHE KoJleca MOxKeT ObIThb DPAacCMOTPEHO Kak cTpyiirce. B mpe-
Jiesie, IpU nepexofie K 6eCKOHEYHO 60.1b-
HmIOMY 4YHCJIYy OGECKOHEYHO TOHKHX Jiona-
cTell, MOTOK B 06J1aCTH KoJleca CTaHOBUTCS
OCECHMMETPHYHBIM H OTHOCHTE/bHAsl CKO-

pocTh w MOKeET GbITh HampaB/eHa MO Ka-
CaTe.HbHOﬁ K HOBerHOCTI/I JIOIIaCTH B pac-
CMaTpHUBaeMOH TOUKe.

IIJIH OINHCAHHUs CXEMbl JBHXXEHHUSA KU -
KOCTH B JIONACTHBIX MalHHAaX BBEIEM cJie-
Ilyéomne o6o3naueHuss (puc. 145 u puc.
146):

¢, H ¢z — aGCOMIOTHEIE CKOPOCTH  JBH-
JKEHHS] KHIKOCTH IIPU BXOJE
B paGouee KOJIECO U BBIXOZE Puc. 146
U3 HEro;

- —

U; W U — OKPYXKHBle (IepeHOCHBlE) CKOPOCTH Ha BHYTpeHHEH H
BHEIIHeH OKPYXKHOCTSIX paGouero KoJseca, BpaUlAOMErocs
OTHOCHTEJIbHO HENOJBHIKHOH OCH;

- -

W; U W, — OTHOCHTEJIbHBIE CKOPOCTH [BMIKEHHS] XKHUIKOCTH BJOJb
Jonacreil paGoyero xoseca (y Hauasa U B KOHIE JIONACTH);

—

® — yIJIoBasi CKOpPOCTb BpalleHHs KoJieca;
R, u Ry — paguychl OKpy:KHOcTell paGoyero KoJieca;
@ H @y — YIVILL MeXAy aO6COMIOTHBIMH H OKDYKHBIMH CKOPOCTSIMH
€y M Uy WIM C2 U Uy;
B1 M Ba— yraBl MexIy HanpaB/ieHHEM JIONACTEH M OKPYIKHBIMH
CKOPOCTSIMH BpalleHHst paGouero KoJeca.
PaccMoTpuM cHayasma JBHIKeHHE JKHIKOCTH B paGoueM KoJiece
HeHtpobexkHoro Hacoca (puc. 145). Ilpm paGote neHTpoGe:KHOro Ha-
coca XHIKOCTb M3 BcachiBamomed TpyObl MOCTyNaeT Ha JIONACTH pado-

4ero KoJseca ¢ aGCOJIIOTHOH CKOPOCTbIO ¢;. Tak Kak KoJieco Bpalia-

€TCsl C YIJIOBOH CKOPOCTBIO ®, TO OKPYKHAas CKOPOCTb TOYKH, paclo-
JIOKEHHOH Ha BHYTPeHHEH OKpPYXKHOCTH, U; = oR,. )KHUAKOCTb mepe-
MeulaeTcss BZAOJIb JioAcTed C BXOAHOH OTHOCHUTEJBHOH CKOPOCTBIO

w;, HamnpapJieHHe KOTOpPOI COBMajaeT C HampasseHWeM Jonacted. Ilpu
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3THX 0003HaueHUsIX a6COMIOTHEIE CKOPOCTH Cg H €; MOT'YT OBITh ONlpe-
JleJleHBl U3 mapaJiejorpaMmma ckopocrefi. Obuiee HanpaBJeHYue JBU-
JKeHHa XKHAKOCTH B LIEHTPOOGEXXHOM Hacoce — OT LeHTpa pabouero
KoJieca K ero nepudepuu.

B ruppaBaunueckoél TypOHHe Habaiogaercss ofpaTHas KapTHHA:
KHAKOCTh BXOLHT Ha JomacTH pabodero koJseca ¢ aGCOJIIOTHOIN CKO-

POCTBIO ), CO CTOPOHBl BHELIHEH OKPYXHOCTH pabouero Kojeca
(puc. 146). Tak kak B pe3yJbTaTe BO3LEHCTBHS MOTOKA HA JIOMACTH
pabouee Kojeco OyIeT BpalaTbCid C HEKOTOPOH YIJIOBOH CKOpO-

CTbIO ®, TO abCOJIOTHAs CKOPOCTb BXOAA KHJIKOCTH Ha JIONACTH C)
Pas/IOKHUTCS Ha OKPYXKHYIO CKOPOCTb 4; = @R; M OTHOCHTEJBHYIO

CKOPOCTb ABHKEHHs BLOJb JIONACTH @W;. AGCOJIOTHEIE CKOPOCTH KH[I-
—_— -

KOCTH € U C; ONpeJessIOTCs H3 MapaJiieJorpaMMa CKOPOCTeH IO
puc. 146. OmnucaHHasi cxeMa [BHXKEHHS XHUJAKOCTH B JONACTHBIX
MalluHaX INpeAnosaraer Ha/juyhe CTPYHHOTO OCECHMMETPHYHOTO
IBIDKEHHS B KaHasax pabouero Kojeca, YTO BO3MOXKHO TOJIBKO NPH
6ecKOHeUHO 60/bIIOM yucje Jonacred. IIpu KoHeuHOM umcie Jona-
CTell BO3HHKAIOLIHEe BHXPU M HePaBHOMEPHOCTb paclpejie/ieHdsl CKO-
pocTeit 6YAYT HECKOJBKO BUIOU3MEHATb OOILLYIO KapTHHY JBUXKEHHH,
yTo moTpeOyeT BHECEHHS KOPPEKTHBOB B pellleHHs, NOJydYeHHble Ha
OCHOBE YKa3aHHOro jfomyiieHus (cM. § 66).

§ 61. OCHOBHOE YPABHEHHE JIONACTHBIX MAIIWH

[ BBIBOZA OCHOBHOI'O YPaBHEHHS JIONACTHBHIX MALIHH BOCHOJIb-
ayeMcsl 3aKOHOM 06 H3MeHeHHU MOMEHTa KOJIHYEeCTBA IBUKEHUs N5
JIBIXKYILeHCS XKUIKOCTH, KOTOPBIH B 3TOM cjaydae MOXKHO chopmy-
JHPOBaTb TaK: U3MeHEeHHEe MOMEHTa KOJHYeCTBA JBUKEHHS XKUIKO-
CTH B €AMHHIY BpPEeMeHH OTHOCHTEJNBHO OCH BpallleHus pabouero
KoJieca PaBHO CYMMe MOMEHTOB BCeX BHEIIHHX CHJ OTHOCHTENBHO
TOH JKe OCH, T. €. paBHO KPYyTsAIleMy MOMEHTY.

B notoke XuakocTu, cxoisiiedl ¢ JomacTei pabouero KoJjeca
JIONIAaCTHOTO Hacoca, NPOMCXOIHUT yBeJHYeHHe MOMEHTa KOJHYEecTBa
[BUXKEHUsI B pe3yJ/ibTaTe NOABOJA K XXUIKOCTH MeXaHUUECKOH 3Hep-
THU OT JBHTaTess, Bpamamoulero pabouee kKoseco. B runpaBanyeckux
Typ6uHax HabJiogaercss npeobpa3oBaHHe dHEPTHH, 3aKJAIOYeHHOH B
HOTOKe KHUIKOCTH, B MEeXaHMUYeCKYIO SHEpPrui0 Ha BaJy.

IIpuBonuMBle HHXKe BBIBOABI ONHHAKOBO CIIPaBeIJMBBHl KakK [/
JIOTIACTHBIX HACOCOB, TAaK M JJs THAPAaBJHYECKHX TypOuH. Paccmort-
pPHUM 3JIEeMEHTapPHYIO CTPYIKY, ABHKYILYIOCS BIOJb JONacTH pabodero
KoJjieca IeHTpobGexkHOro Hacoca (puc. 147). BrluucjauMm uaMeHeHHe
MOMEHTa KOJIMYeCTBA ABHXKEHHS MacChl XKHJIKOCTH MEXIY CeUeHUAMU
I—1I (Bxom) u II—II (Bbixon) oTHOCHTe/bHO ocH Bpailenus O. Ecan
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0603HAYHTh pacxoj, 3JeMeHTapHOH CTPYHKH uepe3 dQ, TO ee KOJH-
4ecTBO JBHKeHHSI B ceueHMH /[—/ paBHO

81, = dme; = pdQcey
1 COOTBETCTBEHHO B ceueHuu [/—I/
8l = dmey = pdQc,.

Hns onpenenenusi usMeHeHMsi MOMEHTA KOJIMUECTBA JBHIKEHUs CTpYH-
K¥ OTHOCHTEJIbHO OCH BpamieHHs1 O HeOGXOIMUMO KOJIMYECTBO [BHKEHHS
Y

o/y 1 8/, yMHOXHTb Ha BeJIMYHHY COOTBETCTBYIOLIEro mieda [; u ls.
Torna

dM; = I,l; = pdQc, cos a,R, } (359)
dMQ' = 1212 = PdQCz COos a2R2

Puc. 147

MaMeHeHHe 3a €IUHHILY BPEMEHH MOMEHTa KOJIMYECTBA JBHMIKEHHS
Macchl KHUAKOCTH, 3aKJIOYEHHOH B 3JIleMEHTapHOH CTpyiiKe, paBHO
PasHOCTH MOMEHTOB KOJIMYECTBA JBHIKEHHsI, COOTBETCTBYIOUIHX 0G-
JacTsM BXo4a M BbIXOJAa KHAKOCTH C Jomacrefl paGouero Koseca
1eHTpOOEeKHOr0 Hacoca:

AM’ = dMy — dM; = pdQ (c2 cos a3 Ry — ¢, cos a;R;).  (360)
VlaMeHeHHe MOMEHTAa KOJIHUECTBA IBYIKEHHS BCEH MAacChl XKHIKOCTH,
npouresmell Yepes KOJECO IEHTPOOEKHOrO HAcoca 3a eQHHHIY Bpe-
MeHH, PaBHO CyMMe HM3MeHEHHH MOMEHTOB KOJIHYecTBa IBHIKEHHs BCEX
5JleMEHTapHBIX CTPYyeK:
TAM’ = ZpdQ (c2 cos azR2 —¢; cos a; R,) =
= PQT (CZ cos a'2R2—"'C]_ Cos a'lRl)' (361)

OGosnaunM uepe3 My, KPYTAIIMA MOMEHT BCEX BHELIHHX CHJI OTHOCH-
tenpHO ocu Bpauwenus O. Torxa MoxHo 3amHcaTh:

MKp = EAM’,
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i
My = pQx (cacos a2 Ry — ¢, cos a;R ). (362)

Jns runpaBiaMyecKHX TYpOHH, rjie B 06GJIaCTH BBIXOJA IKHIKOCTH C
JonacTefl paboyero xoJeca NPOMCXOIHT YMEHbIEHHe MOMEHTAa KOJIH-
yecTBa IBHMKeHMs, ypaBHeHue (362) mMoxKeT GHITh NEpenucaHo CJeayio-
mUM 06pasom:

Myp = (—cacosaaRs + ¢; cos a1 Ry) p Qo (363)
HJIH B OOIIEM BHIE
Myp = (F cacosaa Ry F ¢y c08 2,R;) pQr, (364)

rje 3HaKU BEpPXHEro psdjaa OTHOCATCS K JIOMAaCTHBIM HacocaM, a HHX-
Hero — K THIpaBJH4YecKuM TypOuHaM. Ecau J1ajee MeXaHHYECKYIO
MOIIHOCTh Ha BaJly JIONAcTHOH MamiuHbl O0O03HAuUTh Yepes

N =Mgo, (365)

rle ® — YIJoBasi CKOpOCTb BpauleHHst pabouero KoJeca, a MOIIHOCTb,
coobmaeMyo pabouHM KOJIECOM IOTOKY KHJAKOCTH,

N: = pgQ:Hn, (366)
TO NpH OTCYTCTBHH MNOTEPh B MAallWHE NOJYYHM paBeHCTBO
MKP‘” = PgQ'rH'r- (367)

B paBenctBe (367) H, u Q. — TeoperHMuyeCKMH Hamnop H TeOpeTH-
yeckasi IPOU3BONUTENLHOCTH JIONACTHOH MallHHBI C OECKOHEYHbIM
uypucsioM GEeCKOHEYHO TOHKHX JionmacTeH, a XKHIKOCTb, HpOTEKaroliast

uepe3 MalIHHY, HeBs3Kas.
Pemas paseHctBo (367) oTHocuTeNbHO H W NPHHMMAsi BO BHHU-

MaHue ypaBHeHue (364), mosmydum
prm pQ, (% ca cOs @Ry F € cOS aRy)
T peQr pgQ.

’

HJIn

.

H. — + ¢y COs agRy0 F ¢4 cOS a3 R0
=
g

Tak Kak OKDPYXKHBlE CKOPOCTM Ha BHeIIHeH M BHYTPEHHEH OKpYXK-
HOCTsIX paGodero KoJsieca COOTBETCTBEHHO DaBHHI

Us = 0Rs U u; = oRy,

TO
_ &£ UyCy COS g F U Ly COS 0

g
IMonyuennas 3aBucumocts (368) sBisieTcsT OCHOBHBIM YpaBHEHUEM
JIONACTHBIX MalllHH,
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I'ra6a 00unnadyamas
JIOITACTHBIE HACOCHI

§ 62. KJIACCHPHKALMS JIONMACTHBIX HACOCOB

Kaxk ykasblBaJoCh BHIIE, HAaCOCAMH HA3bIBAIOTCS THAPABJIMUECKHE
MalIVHEl, CJyXaliye IJsi INpeoOpa3oBaHUs MeXaHHYeCKOH 3HepTun
IBUTATe/Isi B SHEPTHIO INepeMelaeMoH XKHIKOCTH.

[lupokoe HCHOMB30BaHHE HACOCOB B PpAa3JIMUHBIX 00/ACTAX TeX-
HUKH HPUBEJIO K CO3JaHHI0O MHOTOUHCJEHHBIX THIIOB HAcocOB, OTJIHY-
HBIX JPYT OT Apyra Kak NOo IPHHUHNY paboTbl, TaK U 1O CBOUM
KOHCTPYKTHBHEIM OCOOEHHOCTSIM.

JlonactHele Hacochl OGBEIMHSIOT TPYIIbI IIeHTPOOEKHBIX, IHUAaro-
HaJbHBIX W TIpOMNeEJJIEPHBIX (OCEBBIX) HACOCOB, OOBIYHO INPHBOAMMBIX
B JBHKEHHE 3JEKTPOIBUTATeNsIMH C GOJIBLIMM HHCJIOM OGOPOTOB.

UHenTtpoGexxHble, AHATOHAJbHBIE U IIpONeJJIepHBle HAcocel, 06Jja-
ass GoJIbILOH INPOU3BOAUTENHHOCTBIO, IPOCTOTOH 3KCHJyaTanmuu H
BBICOKHMH K. II. J., HIHPOKO IPHUMEHSIIOTCS B CaMbIX pasjIMYHBIX OT-
pacisx HapoOIHOro XO3sIHCTBA.

§ 63. OCHOBHBIE OMPEAEJIEHU S, NPUMEHSIOIMUECSA B TEOPHUH HACOCOB

B Teopuu HacocoB mNpHMeHseTCs psAI TEPMHHOB H ONpeJeseHHH,
KOTOpHIe OTHOCATCA K HacocaM Bcex THNOB. PaccmorpuM cxemy pa6o-
THl Hacoca, BKJIIOYEHHOTO B CHCTeMY, NOJAIOILYI0 BOAY M3 HCTOYHHKA
BOJIOCHA0XeHHs1 B HamnopHblil pesepByap (puc. 148). Ilpum paGore Ha-
coca BO BCacCHIBAWIEeM TPYGOIpPOBOJe U BcachiBalOIIeH Kamepe cosja-
eTcsl BaKyyM, KOTOpPbIA ObecreyuBaeT MOABEM BOJLI Uepes3 BCachIBaiO-
Iy0 Tpy6y H3 BOZONPHEMHOr0 KOJIOALA B HAcOC. DTOT BAKYYM JOJKEH
6BITH OCTAaTOYHBIM JJISi TOJABEMA BOABI M3 KOJIOAUA HA BBHICOTY Age (OT
YPOBHA BOABI B KOJIOAUE IO IEHTpa Hacoca), /s NpeofoJeHHs Io-
Teph 3HEPTHHM BO BCACHIBAIOWIEH JIMHHM fiype, A TaKKe AJS CO3JaHHsA
CKOPOCTH BO BcachiBarouiell TpyGe. BepTukajibHOe paccTosiHHe OT ypOB-
Hsl BOIBI B KOJIOAIE JO LIeHTpa Hacoca Ay, Ha3bIBAeTCS Ieo]e3HyecKon
BBICOTOH BCAChIBaHMS; NMOTEPH SHEPTHH BO BCACBLIBAIOLICH JHHHH Aw pe
HasbIBAIOTCS NOTEPSMH IIPH BCACHIBAHHH.

JKujkocTH, mocrymuBiIeH B Hacoc, cOOOIIAeTCs! SHeprusi (Tr/1aBHBEIM
0o6pasoM B BHIE SHepPrHH JaBJIeHHs), KOTOpas PacXopyercs Ha Ipeo-
JONeHne CONPOTHBJIEHHH B HAlOpPHOM TPyOONpoBOie, MO KOTOPOMY
JBHIKETCSl XKHAKOCTb, H Ha TONBEM IKHIKOCTH B pesepyap. Bepru-
KaJbHOe paccTosiHHe hy OT LleHTpa Hacoca IO YpOBHS BOJB B pe-
3epByape Ha3blBaeTcsi TEOfEe3HYecKOll BBICOTOH HarHeTaHHs, MOTepH
SHEePrMH B HAIODHOH JIMHHMM Ha3bIBAIOTCS MOTepsMH MNpHM HarHera-
HUH /1y,

Tlonueifi Hanop, KOTOpHIA JOJIXKEH CO3[aBaTbCsi HAacOCOM, MOXKET
ObITh ompefiesieH KaK PasHOCTb yIeJbHBIX SHEPrHil NOTOKa XHIAKOCTH
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B CEYEHHSIX, COOTBETCTBYIOIMX HayaJy HarHeTaTe/bHOH JIMHMHM U KOH-
1y BcachlBaollefi Tpy6ul. B 3THX ceyeHHAX OGBIYHO yCTaHABJMBAIOTCS
MaHOMeTpbl M BaKyymmerpbl. OnpejesuM BeJHUHUHH! yAeNbHBIX SHEprui
TOTOKa B ceyeHHHM [ —I/, rje YCTaHOBJEH BaKyyMMeTp, H B CeyeHHH
I1—1I1I, rie ycranoBneHn Manomerp. Ilpeanmosioxum cHauaJsa, yTo NaB-
JIEHHs] Ha TOBEPXHOCTH YDOBHSI BOABI B KOJIOALE M HAaNODHOM pesep-
Byape ONMHAKOBHI M DaBHBl aTMOC(EPHOMY.

2

fo_, I

Puc. 148

[puHuMasi 3a IUIOCKOCTb CPaBHEHHs! YpOBeHb CBOGOINHOH mMOBEpX-
HOCTH B BoOfonpHeMHOM Kosomue O—O (puc. 148), nosydyum BbIpa-
JKeHHe JJIS ONpeJesieHHs yIeJbHBIX 3Heprui:

2

- P, U
EI —(hsc+28)+é+2—gy
P2 vg
EH = (th + ZH) -+ (—ié Q—g’

3leCh 25 U 2y — BePTHKAJbHBIE PACCTOSIHUS OT TOYEK YCTAHOBKH Ba-
KyyMMeTpa U MaHOMeTpa JO OCH Hacoca;
Py M p; — abCoOMIOTHOE JaBJieHHE B MECTaX YCTaHOBKM NPUOOPOB;
U, H U2 — CKOPOCTH BO BCACHIBAIOIEH M HarHetaTeJbHOH TpyOax.
CnenoBaTesibHO, MOJMHBIH Hamop Hacoca [ paBeH

H=Ey—Ej,
Wi
2

ot (369)

’

0

__P2—nD _
H= Pg +Aah+ 2
rae AL =2y — 2p.
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BakyyMMeTp IOKasbiBaeT BeIHUMHY paspexenus (BakyyMma) HHpa
BO BcachblBaiomeli Tpy6e, MOITOMY €ro BeJHYHHA

Par p 141 Par
Hopo =2 — 2 yin 2 =2 — Hppl
BT og e g r8 ma
MaHOMeTp NOKa3biBaeT W3GHITOUHOE NaBJIeHHEe B HarHETATEbHON JHHHM:

Par P2 Par
Hyow =22 — 2y 2 — H =,
MaH pg Pg Pg MaH + pg
[oncrtaBnsin B 3aBucuMocTb (369) 3T 3HAUeHHs, MOJTYHIM

2 2

Uy — 10}
H = HMaH -+ HBaK -+ Ah -+ _—2g— (370)
Csenyer 3aMeTHTb, YTO TIPU pacloJIOXKEHUH MaHOMeTpa HH’Ke BaKy-
ymMerpa BeauwunHa Ah Gyger orpuuatenbHoit. Cymma Tpex BeJiHYHH

HmaH + HBaK + Ah = Hm, (371)

a HMEHHO: IIOKa3aHHIl MaHOMeTPa M BaKyyMMeTpa, BLIDAXKGHHBIX B
MeTpax BOJSHOIO CTOJ6a, M BePTHKAJIbHOTO DACCTOAHHS MEXKAY TOY-
KaMd TPHCOEJMHEHHS TIpUOOPOB, HA3BIBACTCA MAaHOMETPHYECKHM Ha-
nopoM Hacoca. IlonHblii Hanop Hacoca MOXKeT ObITb BbIpaxKeH TaKHM
PaBeHCTBOM:
02—02
H=H,+ 2" (372)

2

Takum o6pa3oM, HanOpOM HAcoca HA3bIBAIOT 3HEPTHIO, COOD-
IaeMyI0 HacOCOM KaXKJOMY KHJIOrpaMMy MepeKauyHBaeMoii XKHUAKOCTH.
B cayuae paBeHCTBa JMaMeTpOB BCachIBAIOLIEH H HAarHeTaTeJbHOH TPy6
(v: = v;) MONHBIA HANOp Hacoca paBeH MAaHOMETPHYECKOMY Haropy.
Ecau naBsieHve Ha NOBEPXHOCTH KHMIKOCTH B COEIHHSEMbIX pe3epBy-
apax pasjM4HO, TO HAcOC JOJIKEH IpeofoJeBaTb PAa3HOCTb JaBJEHU#H
Ap = p; —p,, TAe p; U p; — JaBJIeHHS] HAa MOBEPXHOCTH KHJIKOCTH
B pesepByapax I/ u 2. Torsa mosHblii Hamop, pasBHBaeMblil HacocoM,
JoJKeH ObiTb paBeH

H = hye + by + hos 4 hos + (E—;—;ﬂ) (373)

O6bvem XHJIKOCTH, NOJABAEMBIl HACOCOM B TPYGONpPOBOX B
€JUHHIly BpeMeHH, HasblBaeTCsl NPOH3BONHTEJNBHOCTHIO Hacoca U 06o-
3Havaercs yepes (. PasMepHOCTb NpPOM3BOAMTENHLHOCTH — 4/CeK WITH

m3/cex.
TonesHass MO HOCTbD, NPOH3BOAUMAS HACOCOM /IS NOXBEMA
H NepeMelleHHs XKHAKOCTH IpH Hanope H, paBHa

N, =pgQH xem,
a noJsie3Hasl MOIHOCTb HAcOCa COCTABHT BEJHUHHY:

H
Ny = P—%%— A Co= ’3%%; Kem. (374)
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BcaiencTBHe HaJqWYMsl MOTepb B Hacoce (THAPABJIHYCCKHX, MeXaHHuYe-
CKHX U OOBEMHBIX), KOTOpble MOTYT ObITb OLEHEHbl MOJHBIM K. II. .
Hacoca 7, MOIIHOCTH JBHrareas N, norpebGjsemasi HacocoM, Gyrer
GoJiblile MOJIE3HOH MOIIHOCTH HAcoCa:

N -
N = 7” = p‘g%/z. c. = E%m&m (375)
31ech MOJHBIA K.I.J. Hacoca HpeicTaBjseT co00H INpoH3BeAcHHE
TpeX Y4acTHHIX KO3(p(HLHEHTOB:
M= Mo * Mm
rie v, — THAPABJIMYECKHH K.II. J., YYHTHIBAIOUUH THApaBJIHUECKHE
NOTEpH IHEpryH, BO3HHKAWOIIHE NPH ABHIKEHHH KHUIKOCTH
yepe3 Hacoc (moTepH Ha yjap NpU BXOfe M BBIXOJe, IMO-
TEPH HA TpeHHe W NpH BUXpeoOpasoBaHHH H T. I.);
Ty — MeXaHHYeCKuil K. M. ., YYUTHIBAIOMIHI MOTEpPH, CBsI3aHHBIE
C IpeofioJieHNeM MeXaHHYeCKOro TpPeHHs B 3JeMeHTaX Ha-
coca (TpeHHe B MOAUIMNHHKAX, B CaJbHHKAaxX, TPeHHE pa-
Gouero KoJieca O XKHAKOCTD);
No — OOBEMHBIN K. Il. I., YUHTHIBAIOMIUH YTEUKH BOABl uepe3 3a-
30pHl U YIJIOTHEHHS B 00XOZ paboyero KoJeca.

Bennunna K. n. 4. Hacoca 3aBHCHT OT MHOIMX (akTopoB: OT pas-
MEpPOB H THINA HACOCOB, TLIATEJbHOCTH H3TOTOBJEHHMS H COOPKH ero
OTJeNbHBIX JeTajiel, ycJoBHH skcmjyartanud H T. A. IloaHsli K. m. 1.
JIOMAaCTHHIX HacocoB KoJjebiercsi B mpefenax 0,70—0,90. Ilpu stom
HauboJsiee BHLICOKHE KO3((HIEHTHl COOTBETCTBYIOT MalllHHAM OOJBLINX
pasMepoB.

T'ra6a Osenadyamas
HEHTPOBE)XHBIE HACOCbHI

§ 64. KJIACCH®HUKALUA L EHTPOBE)XHBIX HACOCOB

B COBpeMeHHOﬁ TEXHUKE B 3aBHCHMOCTH OT HasHaYeHUdA IIpuMe-
HAIOTCA uempoéemﬂme HacoCbl CaMbIX pAasJUYHBIX THIIOB, OTJ/IHYalo-
muyecd Apyr OT JApyra KOHCTPYKTHBHBIMH 0COOEHHOCTSIMH H 3KCnJaya-
TAIlMOHHBIMHU JaHHBIMH. ueHTp06e}KHbIe HacoChl pasJjnyaroTcsd N0 4YUCay
CTYﬂeHEﬁ AAaBJIEHHSA, TI0O pacnoJOXKEHHUIO BaJia, YCJAOBUAM [IBHXKEHHA
KHJIKOCTH H3 paﬁoqero KoJjieca B KOpHyC HacoCa H HEKOTOPBHIM Jpy-
UM NpH3HaKaM.

1. Tlo qucay CTYHQHeﬁ JaBJIEHHSI HACOCHI pasAe/igloTCA Ha OJHO-
CTyNneH4YaTble, ABYXCTyNEeHYaTble ¥ MHOTOCTYINEHYATbIe, B KOTODPBLIX XKHUJ-
KOCTb MPOXOIUT 4Yepe3 IIOCJICJOBATEJbHO COeJUHEHHbIEe paéotme KoJie-
Ca, TIOCTENEHHO YBEJHYHBAIOIIHE HANOp OO 3aJlaHHOrO IpejeJia.
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2. Ons yBennueHHs1 NPOH3BOIAMUTENLHOCTH NPHMEHSIIOTCS HAcOCHl ¢
JIBYXCTOPOHHHM BXOJOM, Y KOTODHIX NPOH3BOJHTENbHOCTb GOJIbLIE MpH
OJIMHAKOBOM Harnope.

3. B 3aBHCHMOCTH OT pAaCrOJIOXKeHUsI Baja pabouero Kogeca pas-
JIMYAIOT HACOChl C TOPH3OHTAJNbHBIM M BePTHKAJbHBIM BaJiOM.

4, B mensx yJayumeHHs YCJIOBHHA BXOJa KUAKOCTH B KOPHYC Ha-
coca TPHMEHSIIOTCS HACOCHl C HANpaBJsOIUM annapaToM W 6e3 Hero.

LleHTpoGeKHble HACOCHl PA3fe/AIOTCA Ha THXOXOAHBlE, HOPMaJb-
HOI GBICTPOXOLHOCTH M ObICTPOXOIHEIE.

HauGosee pacnpocTpaHeHHBIH THII COBPEMEHHOTO IEHTPOGEKHOTC
Hacoca — Hacoc ¢ TOPH3OHTAJbHBIM BaJiOM, HEMOCPEeICTBEHHO COeXH-
HeHHBbII C JIBUTATeJeM M HMMEOIHH chnupanbHylo Kamepy. Takue Ha-
COChl MMEIOT BBICOKHH K. II. J.. Hacochl Ha BepTHKa/JbHOM Bajay MOpH-
MEHSIOTCSI NPEeHMYLIECTBEHHO IJIsT OTKAUKH XHAKOCTEH H3 TJIyGOKHMX
CKBaxHH.

§ 65. CXEMA M NPWHLHN JEACTBUS LEHTPOBE)XHOI'O HACOCA

PaccMoTpuM cXeMy OZHOKOJIECHOrO Hacoca C TOPH30HTaJbHBLIM Ba-
Jom (puc. 149). OcHoBHON H HaHGoOJee BaXKHOH YacTbiO LEHTPOGEK-
HOro Hacoca sBJsiercsd pato-
yee KoJieco I, COepMHEHHOe
c pabouum BaJjoMm 2. PaGouee
KOJIeco, COoCTOsiliee U3 H30THY-
THIX JIONAcTeH, YKpenJeHHbIX B
IMCKaX, 3aKJIO4eHO B HeMo-
IBHIKHYIO CIHMpaJbHYIO KaMe-
py 3. Kuznkoctb K Hacocy mog-
BOAMTCA N0  BcachlBalomiel
Tpy6Ge 4, KOTOpas Ha CBOeM
KOHIIE MMeeT CeTKY, IpelnsT-
CTBYIOLLYIO 3acachiBAHHIO Ha-
COCOM MJIaBAIOUIUX B. XKMIKOCTH
IIpeIMeTOB, M OGPaTHHI KJja-
naH 6, HeoOXOAMMBIH IJ1d 3a-
JIMBKM Hacoca Iiepell IYCKOM.
[To narnerateJbHOH TpyGe 7
JKMIKOCTb M3 Hacoca NocTynaer
B HanopHEIi TpyGonposon. Ha
OJIHOM BaJy ¢ pabouuM KoJe- Prc. 149
COM HaXO[UTCS ABHTaTeNb, P HU- :

BOASIIHH €ro B JBHIKEHHE.

B Mecrtax mepeceyeHHss paboyero Baja C KOXKYXOM YCTpPauWBalOTCH
caJibHUKU 8 ¢ YIJIOTHAIOMEH HaGHBKOH JJisi MPeIOTBPALIEHHS YTEUKH
BOIBl M TONaJaHud BO3[yXa BO BcachBamomiylo TpyOy. Hacocer o060-
pyAyloTcs BakyymmerpoM B, maHomerpoM M, HHOrZa KpaHOM st
3anMBKH Hacoca 9 M 3ajuBuxKKOH /0 Ha HarHeratesbHOR TpyGe, cay-
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auel JJisi peryJHpoBaHHS pacxola H OTKJIOYEHHs HarHeTaTesbHOH
JUHUH OT Hacoca. Kpome Toro, B HarserateJbHOH TpyGe OOGBIYHO
ycraHaBJuBaeTcss O6paTHBIH KJanaH, KOTOPbIH aBTOMATHYECKH 3aKphbl-
Baercs MpPH OCTAHOBKE HAcoca, OTKJIoYasi INOCJHERHHH OT HaIopHOH
aunud. [lepen myckoM Hacoc 3ajuBaercsi XHAKOCTbIo. OOpaTHbIf Kia-
NaH BcachlBawlied TpyObl MPH 3TOM 3aKpHIT.

Tlocsie Toro Kak Bech HAacoC, BKJIOYasi BCachIBAIOILYIO TPyOy, 3a-
TIOJIHEH JKUJIKOCTBIO, NMYCKAIOT ABUraTesb, KOTOPBIH INPHBOAHT BO Bpa-
meHne padouee KoJjeco. HacTHibl XKHIKOCTH NOA JEHCTBHEM LEHTPO-
DeXKHOI CHJIBI NepeMellaloTcs OT BXOAAa B HACOC K BLIXOAY M3 Hero.
B pesysbraTe yKasaHHOrO nepeMellleHHs JKHAKOCTH B CTOPOHY Ha-
THeTaTeJbHON JIMHUK BO BCachiBawlieil TpyGe co3faercss BakyyMm. Torza
HapyxHoe (atMocdepHoe) JaBjeHHe, NeHCTBYIOLlee HA CBOGOAHYIO IIO-
BEPXHOCTb XKHJIKOCTH, OTKDOET HHMKHHH KJjamaH 6 M KHIKOCTb M3
KOJIONIIA HauHeT NocTynarth B Hacoc, Takum o6pasoM CO3Jaercst He-
NpepHIBHBIA NOTOK KHIKOCTH uepe3 LeHTpoGexkHblil Haccc. Ilpu nBu-
JKEHWH JKHIKOCTH uepe3 pabouee KOJECO MPOUCXOAUT MpeoOpasoBaHHE
MeXaHHYECKOH SHEPrHH JBHraTesIsi B SHEPTHIO JBUKYLIEHCS KHIKOCTH.

§ 66. OCHOBHOE YPABHEHHE HEHTPOBE)XHOIO HACOCA

B § 59 Gbio BBIBeEHO OCHOBHOE ypaBHEHHe paGOTHI JIOMACTHBIX
MalliH, KOTOpOe NPHMEHHTEJbHO K LeHTPOOeMKHBIM JIOMACTHBIM HACo-
cam umeer BHZ (368)

Hr _ UgCy COS g — U410y COS Oy
g

BO/IbIIMHCTBO COBpPeMEHHBIX KOHCTPYKUMI LEHTPOGEKHBIX HACOCOB
He HMEeT HampaBJsIONIMX JIONATOK Ha BXOHe, a MO3TOMY KHIKOCTb
BXOIUT Ha paGoyee KOJIECO B pajyajibHOM HaNpaBJEHUH;, IPH 3TOM
yroa o; MeXay CKOpPOCTAMH ¢; M u; pasBeH 90°, a cosa = 0. Has
TaKHX HacocoB

__ Callg COS O9 .
H. 7 (376)
Tlpu BhiBome ypaBHeHusi (376) Hamu GbuiM CHe/aHBLI [Ba JOIyIe-
Hus: 1) Hamuune y paGouero KoJieca GeCKOHEYHOrO 4HC/a JIOmacTel;
2) oTCyTCTBHE T'MADABIMYECKHX [OTepPh SHEPTHH B paboueM KoJiece
Hacoca. JTH JONYIIEHHS] NPHBOASIT K TOMY, YTO TEOPEeTMUeCKHH Hamop,
onpezessieMblii o ¢opmyse (376), okasbiBaercsi GoJsibilie HANOpa, pas-
BHB2eMOro paGounM KoJecoM Hacoca. IIpHUMHOM 5TOro sBJsIeTCS He-
PaBHOMEPHOCTb pachpefiesieHHsl CKOpOocTell B KaHajaX MexKay Jioma-
CTSIMH  pabOoyero Koseca B pe3yJbTaTe BpallaTeJbHOrO JBHIKEHHS
JKHAKOCTH M pas3jIHyHe OTHOCUTENLHBIX CKOpPOCTEH MO 06e CTOPOHBI
JIONAacTH,
[nst onpenenieHnst TeOPETHYECKOrO HAMOPA, Pa3BUBAEMOro paBounM
KOJIECOM ITIpH KOHEUHOM uHcJie Jjonactei Hq, MOXKHO HCHOJIH30BAThH
meton akafgemuka I'. @. Tlpockypnl.

244



Axanemuk I'. ®. Ilpockypa Ha OCHOBaHHM pa3paGOTaHHOH MM ellle
B 1931 r. BHXpeBOH TeOpHH LEHTPOGEKHBIX HACOCOB IIPENJIONKMJI CJie-
JYIOILYIO0 3aBHCHMOCTb [Jisi ONpeZe/IeHHs IONPABKH, YYHTBIBAOLIEH
BJIMsIHHE KOHEUHOTO YMCJia JonacTed Ha 3HAYEHHE TEOPETHYECKOro Ha-

nopa:

e (377)
1-}2 = —RITZ
—(z)

rie z — yucjo Jonacrefl pa6oyero Koseca,

¢ = (0,55 +0,65) 4 0,6 sin B,. (378)
O6031auuM
_o¥y 1
p—22 : R {37%
~ (=)
Torma
TK 1 TK
ﬁ: = ]——-—p, un HT = &,,
rLe

g, = T
2T 04y
Kpome 3toro, yuer KOHEWHOro umcsa JonacTedl MOMXKHO HPOH3BECTH
no ¢opmysae Croznona:
k9 .
g, =1— Z sin 32, (380}

rjie e, — KO3(h(ULUMEHT, YUYUTHIBAIOUINK KOHEUHOe YMCJO JIonacTel;

z — yycao Jonacteil paGodero KoJeca;

B2 — yron Mex1y HampapJieHHeM KacaTeJbHOH K JiOmacTH M Ha-
IIpaBJIeHHEM KacaTeJbHOH K OKDY:KHOCTH BBIXOJAHOrO CEUEHNs
pa6ouero xoJseca.

Koaduryent e, npeicrasisier co60H OTHOIMIEHHE TEOPETHUECKOrs
Hanopa H;x, COOTBETCTBYIOILETO KOHEYHOMY YHCJY Jonacrell paGouero
Kojieca, K TeoperuyeckoMy — f;. I1jisi COBpeMeHHBIX IeHTPOOEHKHBIX
HAacoCOB NpU OOBIYHBIX COOTHOIUEHHSIX, KOTOPBIMH XapaKTepH3YIOTCH
paGoune KoJeca, CpefHee 3Haue€HHe MNONPABOYHOrO Ko3(hHuUueHTa &,
COCTaBJisleT BeJWUHHY &, = 0,80.

Bropoe rnomymenue, Kotopoe GbUIO TPHHATO [PH BBHIBOLE OCHOB-
HOTO ypaBHEHMs LEeHTPOGeKHOr0 Hacoca, COCTOSJ0 B  HCKJIIOYEHHH
M3 pacyeTa THAPaBJMYECKHX MOTEpb 3JHEPTHH, KOTOpble MMEIOT MeCcTo
NpH JBHIKEHHH HOTOKA Yepe3 Hacoc. DTH I'MApAaBJHUYECcKUe NOTEPH IIpo-
HCXOJAT NpeHMYIIECTBEHHO BCJIELCTBHE BHXpeoOpa3oBaHus IpH JBH-
JKEHHH XKMIKOCTH B paboyeM KoJjiece, a TaKkxke B peayJbTare HelO-
CTaTOYHOrO IIJJABHOIO BXOZJA NOTOKAa Ha pabouyee KoJieco (DOTepH Ha
ylap IpH BXOJe) M, HAaKOHeW, B pe3yJjLTaTe TPeHHUs XKUIKOCTH O Jio-
nacTH.
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B KoHeuHOM HTOre MMeeT MeCcTO HEKOTOpOe CHHXKEHHe TeopeTHye-
TKoro Hamopa H.g, yYUTbIBaeMOe THAPABJIHYECKHM K. II. . %, KOTODHIH
npejcTaBJisier co0OH OTHOLIEHHe JNeHCTBUTeJIbHOTO Hamopa H, passu-
BAEMOT'0 KOJIECOM, K TeopeTHyeckoMy Hiy:

H
e = f_» M H =y H .

BesimynHa TUAPABAHYECKOTO K. II.J. Hacoca 3aBHCHT OT MHOTHX
(}aKTOpOB M B NEPBYIO Ouepefib OT COBEPIIEHCTBA KOHCTPYKLHH pa-
oouero KoJjeca, (opMbl HanpapJAOLEro ammapara, pasMepoB Hacoca
u 1. A. CorjlacHO HMEIOLIUMCSl ONBITHBIM JaHHBIM, B COBPEMEHHBIX
KpYIHBIX LeHTpoGexHBIX Hacocax v, = 0,80—0,90. IloBbiuenne ru-
JIpaBJHYECKOTO K. I JI. JOJIKHO OCYIIEeCTBJIATbCS [IVIaBHBIM 06pasom
3a cuer obecreyeHHs BO3MOXKHO Gosiee IJIABHOTO BXOJa IIOTOKAa Ha
Jonacti paGoyero KoJjeca, a TakxkKe 3a cyer GoJiee TIIATEIbHOH Me-
XaHH4YecKol oOpalOTKH NpPOTOYHBIX HacTedl Hacoca. Tak kak

H,

H H H
%‘:ez H g— =, T0 3 = &1, HIH H, =

r TK T ezvl r

INopgcraBnss 3TO BhIpaXKeHHe B 3aBHCHMOCTb (377), NOJY4YHM OCHOB-
HOe ypaBHEHHe IIeHTPOOEXKHOro Hacoca B CJeJylollleM BHAe:

€,1Cally COS &y
g .

Y IJ.EHTp06e}KHbIX HAaCcoOCOB C HOpPMAJIbHO 3arHyTbIMH Ha3aj JomnacTaMH
IIpoU3BEICHHUE

H= (381)

Uz

€2NrC2 COS Qg =~ DR

[lostoMy npu npakTHYeCKHX pacyeTax MOXKHO ONpPENeNHTh JeHCTBH-
TeJIbHBIH Hamop Hacoca no ¢opmy.Je

H=14 (382)

2_g7
rae $=0,92 — 1,1 — kosdpdunuenr Hanopa.

Kpome ruppaBangeckux Notepb 3SHepruu, npu pabore LEeHTPOGEXK-
HOIO HACOCa BOSHUKAIOT TaK:Ke MeXaHHYeCKHe MOTepH, CBSI3aHHbIE C
NpeofoNIeHHeM MeXaHHYeCKOro TpeHHsi BHYTPM Hacoca:

1) notepu B pesysbTaTe TpeHHs HApyxKHOH MOBepXHOCTH padoue-
ro KoJieca O XKHJIKOCTb (TaK HasbiBaeMoe «IHCKOBOE TPEHHE»);

2) notepu B pesyJibTaTe TPEHHS! B HOIMIHMHHKAX.

Tloteps momHOCTH JBHrarteJs Ha NpeOJOJISHHE BCeX MeXaHHYe-
CKHX CONPOTHBJIEHUH B Hacoce N, Moxer ObITb MpejcTaB/]eHa TaKoi
3aBHCHMOCTDIO:

NM=NA+NC+NH» (383)
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rae Ny, Nc u Ny — [oJM NOTEepPSHHOH MOILIHOCTH JIBMrarteJsi Ha Impe-
oJ0JleHHe J[VCKOBOTO TpEHHs, TPEHHA B CaJIbHH-
Kax M TNOAUIMIHUKAX.
Ilpu sTOM MeXxaHHYecKMH K.II.J. paBeH
NQ—NM NM
T = = 7 (384)
rie yepes N, o603HaueHa MOIIHOCTb ABHrate/s.

MexaHHYeCKHH K. II. . KPYIHBIX LEHTPOOEXKHBIX HACOCOB COCTaB-
qsieT My = 0,95—0,98. 3HaueHHe MexaHHUECKOro K. II.J. BOSpacTaer
C yBeJIMYEHHEM pasMepoB Hacoca, TaK KaK yIeJbHbIH BeC MeXaHuue-
CKUX NoTephb B oflleM OaJjiaHce NOTepb SHEPruHM B GOJBIIMX Hacocax
He3HauHTeJeH.

YTeuky BOJBI 4epe3 YIVIOTHEHHS HPHUBOASIT K HEKOTOpOMY YMeHb-
IIEHHI0 [IPOM3BOAUTEJNBHOCTH Hacoca ), co3faBasi Tak HasbiBacMble
oObeMHble NOTepH, KOTOPble YYMTHIBAIOTCA OGBEMHBIM K. II. A. %!

_9 _Q—9g__ q
Mo Q. Q, 1 Q.’ (385)
rie Q — NpoM3BOAMTENLHOCTL pabGoyero Koseca;
g — o6beMHBIE TIOTEPH.

OnpenenuM NOJHBIA K. M. J. Hacoca 7. 3amuilieM BbIpa)<eHue MAJIs
MOIILHOCTH, KOTOpYIO paouee KOJieco mepefaeT KHAKOCTH. IJTa MOLL-
HOCTh HOCHT HasBaHMe «THJPaBJHYECKOH MOIIHOCTH» paGo4yero xoJeca:

__rgQH __rgQH
N = S5 A C. = g Kem. (386)
Tlo ompenenenuio X. 1. . €ro 3HAaYeHHE IJIsi HAcoca PABHO
_ pgQH
= 102N (387)

TonHblft K. 1. . mpeAcTaBJisieT coGOfl Npou3BeJeHHe YacCTHBIX KO3(-
¢uLHeHTOoB:
N = MrimTo-

3HayeHHs MOJHOTO K.II. J. LEHTPOGEXHBIX HAcOCOB H3MEHSIOTCA
B LINPOKHUX IpefielaX, B 3aBHCHMOCTH OT pasMepoB Hacoca U COBEp-
ILIEHCTBA €ro NPOTOYHOH wactH: Jyisi Masbix HacocoB v = 0,60—0,80,
B GOJIBLIIMX 3Ke Hacocax K. . JA. jgocturaer Bejuuunsl v = 0,90, uto
CBUJETEeJNBCTBYET O COBEpLIEHCTBe IeHTPOOeKHOro Hacoca Kak TH-
JIpaB/JIMYeCKOH MallUHBI.

§ 67. JIOACTH PABOYEIO0 KOJIECA, JH®ay30P U HAMPABJIAIOIHU A
ANMNAPAT HACOCA

Ha pa6oty mneHTpoGexHOro Hacoca GoJiblioe BJHSHHE OKa3bIBaeT
gopma JonacTeil, B OCHOBHOM ONpefiesisieMas yIrJlaMH, COCTaBJISieMbIMH
HamnpaBJ/IeHHeM JlonacTeil C HanpaBJieHHeM OKPYKHOH CKOPOCTH Bpa-
menus B; u P2 (puc. 150a, 6, B,).
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[lpu yBenuuenuu yraa B, yroa a, ymenpuiaercda. CienosartesibHo,
npy H3MeHeHHM yrya By OT Buun HO PBuaxe COOTBETCTBEHHO YBEJHYHBA-
€TCSi COS &g OT €S 6y =~ 0 10 cos @, =~ 1,0. AGcoMOTHAsT CKOPOCTh C2 C
yMeHbIIEHHeM YIJa ¢, 3HauHTeJbHO BO3pacTaer.

TakuM oGpasom, NmpH yBeJHUYEHHH YIJia HakJ/OHA Jionactedl Yy Bbi-
XOJa Hamop, pasBHBaeMblii HacOCOM, YBeJHYHBAeTCsl (IIpOU3BeLeHne
C2COS Gy B OCHOBHOM YDaBHEHHH L€HTpOGexHoro Hacoca (381) Bospa-
craer). OnHako npy OOJBIIMX BEJHYMHAX CKOPOCTH Cz YBEJHUHBAOTCHA

Puc. 150

TUApaBJiHyecKHe NOTepH INPU BEIXOAE IOTOKAa M3 paboyero KxoJeca, a
5TO TNPHBOAUT K yMEHbLIEHHIO K. I. J. Hacoca H YXYAIIEHHIO 3KC-
TJIyaTalHOHHBIX KayecTB Hacoca (3allyCK Hacoca YCJIOXKHSIETCSI, PEXXHM
paboTel Hacoca CTAHOBHTCS HEYCTOHUYMBBIM, INMOSBJISIOTCS BHOpalHH H
7. I.). TloatoMy yron B, mpunumawor B mpefenax 8, = 20--35° uto
COOTBETCTBYET JOHAacTAM, 3arHyTeiM Hasapx (puc. 150a). Tlpu stom
yrosl HakKJ/OHa Jiorniacteil NpH Bxoge npuHmMawotr B; = 20— 30°.

Jlnsl yMeHbLIGHHS] TMAPABJMYECKHX IOTepb B IpefesiaX IPOTOYHOMH
uacTH pabouero KoJseca JOJIKHO OGecleyHBaThCsl NJIABHOE H3MeHeHHe
GTHOCHTEJIBHBIX CKOpPOCTeH OT w, IO W;, YTO JOCTHTaercsl IIOCTeNeH-
HLIM yMeHbllleHHeM KpHBH3HBI Jonacteil K Beixogy. Yucso Jonacreii
pabouerc xoJieca CIpelessieTcsl U3 YCJOBHs IOJYyYeHHS KaHaJoB JHO-
CTATOYHOH [JIMHBI TpPU HaNMeHbIIEM CTeCHEHHH INOTOKa Ha Bxome. B
pesyabTate o6cjiefoBaHNi pabGoThl LEHTPOOGEXKHBIX HAcOCOB C BBICOKH-
MH K. I. JI. WOJydYeHa chepyiomasi ¢opmyJia sl onpefesieHHs Hau-
BLITOJHEHIIEro yucja Jsonactedl z:

z2=26,5 % R sin (31 + 62). (388)

2‘_‘R1 2

B zaBucmMocTH 07 pasmMepoB KoJieC YMCJIO JiomacTed MpHHHMaercs
or 6 no 12. Tommuna nonacrell BHIGHPaeTcss KOHCTPYKTHBHO H JOJIK-
Ha ObITb JOCTATOYHON MO YCJIOBHIO NPOYHOCTH. DBponsosbie Jionact
MMeIOT TOJILIHMHY 3--4 MM, a YyryHHbBIE — HECKOJbKO 60ubmyw. Or-
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HolIeHHe panHycoB R, M R, NpHHHMaetcs B IipefieiaX OT %2 ~ 3,0 (Bn-
1

COKOHANOpPHBIE THXOXOJAHbIE HACOCHI) JO %z 1,0 (HuskoHanopHbie Gbi-
1

CTPOXOAHBIE Hacochl). B uacTHOCTH, npomessiepHble (OCeBbiE) HacoChl
MMEIOT OTHOILeHHe pajuycoB okojo 1,0. Haumbosee wacto oTHouleHue
pazHycoB paBHO 2,0, 4TO COOTBETCTBYET 1I€HTPOGEXKHBLIM HACOCAM HOp-
MaJIbHOH GbICTPOXOLHOCTH.

Puc. 151

Lns npeo6pasoBaHHs KHHETHUECKON 3HEPTHH KHAKOCTH B SHEp-
THIO JIaBJieHHs 32 paboyuM KOJIECOM HMEETCsl JIOMATOUHBIH WJH Ges-
JIONAaTOYHBIA AuGdy30p.

3

Puc. 152 Puc. 153

Jlonartounriii puddysop 3 COCTOUT H3 CHCTEMB! HENOJABHIKHBIX JO-
nactefl (puc. 151 u 152), obpasyrouix MO OKPYKHOCTH OTBOASALLHE
KaHaJbl, HayaJbHOe HampaBJieHHe KOTOPHIX COBMNAJaeT C HanpaBJ/IeHNEen
aBCoMOTHON CKOPOCTH BHIXOfa MOTOKa M3 paGouero koseca. Ilo-
TOK, IBHTasch BROJB Jonacted nudgdysopa, IJIaBHO MOCTYIaeT B KOp-
nyc Hacoca; OJHOBPEMEHHO YacTb KMHETHUECKO!l SHEpruu mnpeodpasy-
eTcsi B dHepruio jgasjeHHs. UYmucsjo Jonactedi HanpapJIsloMIero anna-
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paTa paBHO WJIM Ha €QUHHLY GoJblile yucja Jonacteél paGouero Ko-
Jieca.

CnvpasbHbl OTBOA KOPIYCa TaKiKe CJYXKHT JJI PaBHOMEPHOro
0TBOJa BOJBI M3 KOPIyCa B HANOPHBI NaTpyGOK LEHTPOGEXKHOrO Ha-
coca (puc. 153). CnupasbHele OTBOABI JAlOT BO3MOMKHOCTb MOJNYYaThb
BeCcbMa CoBepIleHHble oOTeKkaeMble Qopmbl. Tak Kak poJib HampasJis-
IOIero amnapara H CHHpaJbHOH KaMephl NpHHLUHUIHAJALHO ONHHAKOBA.
a cnupasbHas KamMepa B THIPABJHYECKOM OTHOLIEHHH G6oJjiee coBep-
lIeHHa, B HACTOsilllee BPeMs HaNpaBJfIoOllHe annaparthl [PUMEHSIOTCS
TOJILKO B MHOIOCTYNEHYATHIX Hacocax BBICOKOTO [dBJEHMs, IJ€ OHH
JAlOT HEKOTOpble KOHCTPYKTHBHblE NpeHMyllecTBa. B opHocTynenua-
TBIX Hacocax NpelycMatpHBaercsi GessonaTounblil Auddy30p co cnu-
pa/ibHBIM OTBOZOM.

§ 68. XAPAKTEPUCTHKH L EHTPOBE)XHbIX HACOCOB

Vamenenne pacxona XHJKOCTH B TpyGONnpoBoje, B KOTOPBIA pa-
Goyasi JKHAKOCTb IOJIaeTCsl HEHTPOGEXKHBLIM HACOCOM, BBI3BIBAET OIIpe-
JeJleHHOe K3MEHeHUe Hanopa M IPOM3BOJUTENBLHOCTH Hacoca Jaxke
NpH IIOCTOSIHHOM 4HcJe 06opoToB pabouero KoJeca. Ilostomy ycra-
HOBJIEHHE CBSI3H MeXJy IPOHM3BOAHMTEJIbHOCTBIO HAcoca M €ro HamopoMm
IpH TIOCTOSIHHOM YHCJIe OOOPOTOB HMeeT GoJIbILOe NPAKTHYECKOE 3Ha-
yeHne. Kpome HaMeHeHHsl Hamopa, BCSIKOe OTKJIOHEHHe pacxoja B Tpy-
OONpOBOZE OT pPAacyeTHOH INpPOM3BOJMTENBHOCTH HAacoca MNPUBONHT K
CHHMIKEHHIO K. N. J. HacOCHOH YCTaHOBKH.

3aBucumoctd H = f(Q) u v = f(Q) npu n = const xapakrepusy-
IOT SHepreTHuecKye CBOHCTBA IIeHTpoGexkHoro Hacoca. CiefoBaTtelibHO,
rpauuecky BEIpaXKeHHAsl 3aBHCHMOCTb Halopa, MOIIHOCTH U K. M. 1.
Hacoca OT €ro NMPOW3BOJUTENBLHOCTH (IIOZAYH) NP NOCTOSIHHOM YHCJIE
060pOTOB HasblBaeTCsl XapaKTepUCTHKOHN Hacoca.

Beiie 6blJI0 MOKa3aHO, YTO TEOPETHUYECKHH HAmop IEeHTPOGEeKHOro
Hacoca npu paauansbHoM Bxozne (a, = 90°) paBeH

H,= &g’s_"_{ (389)

Toapsysick 3Tofi opMyJioH, MOXKHO HAHTH IVIABHYIO TEOPETHYECKYIO
3aBHCHMOCTb JUJIsi HEeHTPOGEeKHBIX HacocoB Hp = f(Q.) mpu n = const.
M3 napannenorpamma cxopocreil (puc. 154) cmexpyer, yro

Cs COS Uy = Up — C2r CLE fo.
TogcTaBUB 3HAYEHHE Cp COS &, B ypaBHeHue (381), mosyunm

H = %2 (u2 — Cor Ctg BZ) (390)



TeopeTH'-IECKaﬂ MPOU3BOJUTEJIBHOCTL HACOCa ONpENe/AETCa 3aBHCH-

MOCThIO
Q= nDsbscey, (391)

rie D,— Hapy:XHBI/ Auamerp pabouero KoJeca;
by — mupuHa Kosieca (puc. 147).
Onpenesnum pafuaibHYI0 CKOPOCTb C, U3 ypaBHenus (391):

Qr

2 = Dby
IloxcraBuM mosiyueHHOE 3HaueHHe Cyr B ypaBHeHue (390):

H. — % Q. ctgds . ”g us Q. ctg By
T g e = wDsby | g gnDsb,

[Mockoabky npu n =const

c

IVis. JAaHHOrO Hacoca 3Ha- My e — — — Co
yenuss B2, Dy u bp mo- T\\
CTOSIHHBEI, MOKHO 000- C ~
o 22
3HAYHTh: /Z 2 Al u,
2 ct
A 2 4 B _ upctghy 92805“2 by cly fp
T 2g T gnDgb, °
Torna Puc. 154

Hy=A—B Q.. (392)
Hs Boipaxenus (392) Buano, uto TeopeTHueckas XapaKTePHUCTHKA Ha-
coca BBIpaxaercsi Ha rpaguke HHCXOAsWedl npsaMoH, ecan B> 0.
Onnako, KaK IOKa3blBAlOT MHOTOYHCJEHHbIE HCIBITAHHS JOMACTHBIX
HacoCOB, [EHCTBUTENIbHAasi XapaKTePHCTHKA OTJIHYAeTcsl OT MpsMOM.

PaGoure xapakTepyucTHKH HACOCOB IOJIYYalOTCsl NyTeM HCHbITAaHHI
HacocoB INpH IIOCTOSHHOM 4ucje o6opotoB. Ilpu sTOM AJIsT Kaxaoro
yuc/ia 060pPOTOB ONpeNessAloTCs MOMIHOCTH M HAamlopbl A psAja mpo-
U3BOJUTEJbHOCTEH, pEryJiHpyeMblX OTKDHITHEM 3aABHXKKH Ha Hamop-
HOM TpyO6onpoBoOZE.

Teopernueckass XapakTepHCTHKA LEHTPOOGEXKHOIO HAcoca 3aBHMCHT
OT XapakTepa 3arHyTOCTH JomacTedl Ha BBIXOJE M3 paboyero KoJeca
(yraa B;). Ha puc. 155 mnokasaHbl TeopeTHYeCKHE XapaKTepHCTHKH
Hacocos C pas/MyHbiMH yriamu B (B2 << 90°, B2 =90° u B > 90°)
H COOTBETCTBYIOUIHE MM (popMbl JomacTeil pabounx Kosec. M3 pucyn-
Ka BHJHO, YTO y pabOYUX KOJieC C PafuajibHbIMH H M3OTHYTHIMH BIIe-
pen JonacTAMH KaHaJ MeX]Iy JONacTAMH MOJyd4aeTcss KOPOTKHMH H ¢
GosibliuM yryioM paciwupenusi. CjejoBaTesibHO, B TaKOM KaHaje Gy-
AyT OGosblllMe THApaBJHYeCKHe INOTepU U Gosbluas abCOJIOTHAs CKO-
pocTh Ha BHIXOAe M3 paboyero KoJieca, 4TO B CBOIO OYepENb BbI3blBa-
er GoJbluye norepu B augdysope M OTBOAE KopIyca.

YUTo6bl yMeHBUIHTb INOTEPH, JIyullle H3TOTOBAATH pabouyHE KoJjeca
¢ JIonacTsMH, H30THYTbIMH Haszan (8 < 90°). ITostomy nopasasiomiee
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GOJIbIIMHCTBO COBPEMEHHBIX HAaCOCOB MMeeT JIONacTH, N30THYThIe Hasal
110 OTHOLIEHHIO K HampapJjieHUI0 BpaileHHsA pabouero KoJjeca.

BriGop THma Hacoca mJist KOHKPETHBIX YCJOBHH JOJIXKEH TIpPOH3BO-
IUTbCA ¢ yyetoM ¢opMel paGoueil xapaxkTepucTukd. Tak, Hanpumep,
HacoChl C NOJIOTHMH XapaKTepUCTHKaMH NMPHMEHSIOTCSI NpPH peryJupo-
BaHMH TPOU3BOAHUTE/ILHOCTU 3a/BUKKaMH. B 3THX HACOCHBIX yCTaHOB-
Kax norepu O6yAYyT HaMMEHLIUHMH. B UacTHOCTH, NHTATEeJbHbIE HACOCHI
(nas1 mUTaHUSA BOJOH NapOBBIX
KOTJIOB) HMMEIOT IIOJIOTHE Xa-
/-/2 N g0’ PaKTePHCTUKH.

/62 Hacockl, paGouasi xapak-

TEPUCTHKA KOTOPHIX H300pa-

-gp°  ¥aercs KPHBO#, HMewoe#d Ma-

/92 KeumyM (pue. 156), oranyaor-

o HeyCTOlHYHBOH paboroii B

S’ 90° o6nactn JeBoii YacTH KPHBOH
H = f{(Q) (mo toukn D, rae

o 'NQN

J, MPOHCXOANT NOHHIKEHHE KpH-
Boi1). B »3TOil wacTH KpHBOH
Puc. 155 BO3MOXKHO 00pasoBaHHE He-

YCToﬁqHBOFO pexuMa, TaK Kak
OJHOMY 3HAUYEHHIO Hanmopa COOTBETCTBYIOT JBa 3HAUYE€HHS IPOH3BOJH-
TEJbHOCTH. HOSTOMy B TAKHMX HAcCOCax HCHOJIb3yeTCsd TOJBKO BETBL
KpHBOﬁ, pacnoJiaramoiiascss HH2Ke€ TOUYKH D.

/,3,”' | !/2=2950 oS mun N se ZI‘Z 71=960%husn

L 9,% 80—

7 1=fie) a0 ool et

sop—{7 e U= =160 40— /zlxw_ Ve
~T 1l i i

P 7 20/ A — 1600
l | 2 200 0 — | I ] z 800
15 10 1520 25 30 35 Veex 0 200 400 600 800 /wwz/cfx
Puc. 156. Puc. 157

Pa6ouasi xapaxTepucTnka Hacoca, M3o0paraiouiasicsi KpyTol KpH-
BOH, mpeicTaBjeHa Ha puc. 157. Ha paGounx XxapakTepucTHKax Ha-
cocoB (puc. 156 u 157) npuBoguTCcs TaKKe 3aBHCHMOCTb MOLLHOCTH
U K. 0. . oT npousBogutenbHoctH: N = f(Q) u 7 =[(Q) npu n =
= const. Takum oGpasoM, paGoTa Hacoca XapaKTepH3yeTcsi CHCTeMOH
tpex kpueix: H =7(Q); m=F(Q) u N =f(Q).

B pesyaprate aHajau3a 3THX KPHBBIX MOXKHO COCTaBUTb IIOJHOE
npejcrasjeHre o paGoTe Hacoca M IPOHM3BECTH IOAGop Hacoca A
KOHKDEeTHBIX ycJaoBHi. IlpousBenss ucnmelTaHHs Hacoca NPH  pasHBIX
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yycJax O60POTOB, YCTAHABJIMBAIOT HaHGO/IBLINH BO3MOXHBIA I/ AaH-
HOro Hacoca K. m. J. Pexum pa6oThl HAacoca NpH HauboOJIbIIEeM BO3-
MOMXKHOM K. IN. [A. HasbiBaercsi ontuMajibHbM. IlpH skcnayarauun
LIEHTPOGEKHBIX HACOCOB HYXKHO CTPEMHUTBCH K TOMY, YTOOBI OTKJOHE-
HHUS OT ONTHMAaJIbHOTO peXHMa He OblIM 3HAYMTEJbHBEIMH: YMEHblie-
HHe K. M. J. MPOTHB ONTHMAJbHOTO €0 3HAYEHMs HE JNOJXKHO ObITb
Gosee 5—7%.

Jlns BeiGopa paGouyero pexxuMa Hacoca M COOTBETCTBYIOIIErQ YHC-
Ja 06OpOTOB TMOJb3YIOTCS YHHBEPCAJbHBIMH XapaKTepPHCTHKaMH, Ha
KOTOpHIX B rpaduyeckoil (opme NpeacTaBieHa CBsI3b MEXJy Hamo-
pOM, NpPOM3BOJUTEJNbHOCTBIO, YHCJAOM 060pOTOB M K. m. A. [asi mo-
CTPOEHUS] YHHBEPCAJbHBIX XapaKTEPUCTHK TPeOyercss HCNbITAHHE Ha-
coca NpH pasHbIX YHCAaX OOOPOTOB H MOCTPOEHHE CEepUHM pabOYHX
xapaktepuctik Q = f(H) a1 Kaxkjoro uucia oGOpoTOB paouero
KoJdeca, a Takxke KpUBBIX 7 = f(Q). COBOKYNHOCTb CEpHH IJIaBHBIX
XapaKTePUCTHK M JMHHE PaBHBIX K. M. J. ¥ COCTaBJ/s€T YHHBepCaJb-
HYI0 XapaKTepUCTHKY ILeHTPOGEXKHOro Hacoca.

Ha npaxkTtnke HCIOJb3YIOTCSl Kak pasMepHbIe, TaK M Ge3pasmep-
Hble yHHBepcaslbHble XapakTepucTHKH. Ha puc. 158 mokasana pas-
MepHasi yHHBepcaslbHas XapaKTepHUCTHKa JJisi IIeHTPOGeXHOro Hacoca,
4KCJI0 0G0POTOB KOTOPOrO H3MEHAJIOCh OT n = 2925 06/mun jo n ==
= 1230 06/murn. OcoGeHHO yHNOOHBIMH ABJSIOTCA Ge3pasMepHble YHH-
BepcasibHble XapaKTEPHCTHKH, KOTOpPble TNPHUTOAHEI JJIsT BCeil CepuH
nofo6HbIX HacocoB. IlocTpoenne Takux Ge3pasMepHBIX XapaKTEPHCTHK
MPOU3BOAUTCS TaK K€, KaK M pasMepHbIX, TOJbKO 3HayeHHsl Harmo-
poB, NPOH3BOXHMTENBHOCTEH M K. M. J. BbIpaXKarorcsi Ge3pasmepHbLIMH
YHCJIaMH, NPENCTaBJSIOMUMA COG0H OTHOLIEHMS NPOHU3BOJHTEIBLHOCTEH
H HAMoOpOB K ONTHMAJbHBIM HX 3HAYEHHMSIM.

Mpumep 38. Hacoc mocTpoeH AJsi onTHMAaJbHOTrO uHc/Ia 0GOPOTOB
ny = 2520 o6/mur, ontHMaJbHOro Hanopa H, = 26,0 » u onTumab-
HOH NPOH3BOAHTENbHOCTH Qo = 16 s/cex mpu K. N. I. Mmake = 0,81,
MourHocTe Hacoca B ONTHMAJBbHOM pexuMe

_ pgQoHo 16 -26

No =10z = o1 1oz — 204 Kem.

TpeGyercsi onpenenuTb YCJIOBHS pPaGOTHl Hacoca, €CJH MPOH3BOAH-
TEJILHOCTh €ro JOJIXKHa ObITb yBeJHYeHa 10 22 ./cek 6e3 M3MEHEHHS
yucaa o6oporoB. Ilo kpuBoit H = f(Q) nHa puc. 158 mpu n=
= 2520 06/mun HAXOAMM, YTO TIPOH3BOAHUTENBLHOCTH Q = 22 ./cex
coorBercTByeT Hamop H = 21 m u k. n. 1. v=0,8. ITorpe6Has mou-

HOCTh
_pgQH _ 22.21
N ="tz = oz 103 = 566 wem.
Mpumep 39. Hacoc npu uucae o6opotos 1, = 1450 06/mur passu-
Baer Hanop H, = 100 u mpu Q¢ =50 a/cex u m, = 0,70. TIpexnoso-
JKHM, 4TO HAcoc JOJKEH pafoTarb MpH TOH Ke NPOH3BOAUTENLHOCTH.
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HO C yBeJnueHHBIM Hanopom jo 130 m. TpeGyercs onpenenuts He-

00X0ANMOE YHC/JIO 06OPOTOB M MNOTPEGHYIO MOIIHOCTh. Ilo 3apaHuio

8 1. Haxonum oTHOLIEHHEe HamopoB Z', igg = 1,30. K3 sroro or-
0

HOLIEHHS CJelyer, uTo E = 1,10, uau n = 1450 . 1,10 = 1595 06 /mun.

25 M Je
AR “\‘gi&\%'
ne| r1 o= TSIy
SHEPIS &
DR
15 301y ppun=22 ARSI
J anﬂ 1 N Qs E}“
| A N >
g
l‘ ,/j>< y
vy 2 Hnpu n=13 W-/ T INA | FAG™ V=220
ey [4
Y
ﬁt‘\,’ 'lk:l h /
Hrpun=14; 71
npwn=1925 ~ __(V77=ﬁ980'-‘—
/7’/7,04}/7#'2004 N-n=1425
- a "—”'ﬂ =,2Jo
NP =can Pl]l
10 20  Qufcex
0 20 40 60 60 Qrfuac
Puc. 158

Kospduuuent mnonesHoro AefCTBHA HAacoca B HOBOM pexume Gyner

paBeH
7 =0,67.

ITorpe6nas MouiHOCTbL

N = pgQH 50 - 100

4102 — 0,67 108 — /97 Kem.

§ 69. PABOTA HEHTPOBE)XHGI'O HACOCA HA TPYBONPOBOJ
U ONPEAEJIEHUE PABOYEH TOYKH HACOCA

TToxGop HACOCOB NOJXKEH NPOH3BOAHTBCS Ha OCHOBE TIIATE]bHOrO
aHaJM3a YCJIOBHU MX paéoTbl IIpu stoM HeoGXx0AMMO, YTOGHI TONOG-
PaHHBIl HAacoC 1O CBOeH XapaKTEPHCTHKE COOTBETCTBOBAJ pe3yJibTa-
TaM THAPaBJHYECKOro pacyera TpyGonpoBOJa, B KOTOPBIH HarHeraer-
¢Sl XHJKOCTD.
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Ecnu pacuer TpyGompoBoza ¥ BbIGOp IIEHTPOGEKHOrO Hacoca npo-
H3BOAATCA 6€3 yuyera HX COBMECTHOH paboThl, BO3MOXKHBI CJIYy4aH He-
ylauHblX pemeHdi. Jlif COSJAHHS B KOHEYHOM CeueHHH TpPyGoIpo-
BoJla NOTPeGHOro JNaBJjieHHs B Hayase TPyGONpoBOJa HEOOXOIAUMO HMeTh
Hamnop

2
H = Hy + he + ho = Hr + he +- a £0-, (393)
rne H.— reomerpuyeckass BBICOTA IOJBbEMA JKHAKOCTH;

h. — cBOGOHBII HANOP, KOTOPLIH JIOJI3KEH GbITh 0GeCIeueH B KOHEY-

HOM ceueHNH TpyGonpoBoja.

H //.-,g/a/
'_—'__'"_7{;71'
—— T LU AI//Z
AH,
o r:::: .:F%:.—{Ji
2 , |1 l\v'”‘//“’
alH T - -
H) # i 1
e
X |
Syl ?
ae -
Puc. 159

Tax kak /g 3ajaHHBIX YCJOBHil 3Hauenus H., A., a, L u D
H3BECTHBI, TO XapaKTEPUCTHKA TPYOONPOBOJA MOKeT GbiTh IIPEACTaB-
JieHa 33aBHCHMOCTBIO BHJa

H= A, + B,Q?, (394)
rie Ay =H.+h. u B= %Ls — TOCTOSIHHBIE BEJUYUHBL.

Bripaxenne (394), mpexcrasisiomee co6oil ypaBHeHHe mapabosbi,
sIBJISIETCA XaPaKTEePHCTHKOH TpyGonpoBoja, HM306pa)KeHHOH Ha pHC.
159 [xpuBas H = f, (Q)]. Ecan xapakrepucTuky TpyGonpoBoga mnpen-
CTAaBUTb Ha OJHOM rpaduke c paboyeli XapaKTepuCTHKOH Hacoca
[kpuBag H =f(Q) Ha puc. 159], T0 Touka mepeceueHHsi XapakTepu-
cruk (touka A) Gyner paboueil TOuko# Hacoca.

Ecian pa6ouass TOYKa OTBEYAET ONTHMANBHOMY DEXHMY paGOTHI
Hacoca, TO HAcoC CYMTAeTcsi NoJ0GpaHHBIM NpaBHJbHO. Ecin Tpeby-
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IOMIasicsi NPOM3BOJUTENLHOCTb TPYyGONpOBOJA MEHbIlEe MPOH3BOAHTEb-
HOCTH HAacoca, COOTBETCTBYIOLLEH ero paboyeit Touke Q a6, (Hanpumep Q,),
TO SHEPTHsA JBMIaTeNisl 3aTPAuYMBAETCs HA CO3JaHHE H3JIMLIHEr0 Hamopa
AH,, XOTOpBI# NOJIX€eH GeCroNie3HO TaCHThCA 3aJABHXKKaMH (Zpoccesinpo-
Banue). Dosbimye MPOH3BOAMTENBHOCTH HE MOTYT OBITb JOCTHTHYTHI,

Tak Kak npH Q2 > Qpas MOTPeSHLIH Hamop Hy GoJsblue TOro Hamopa
H,, KOTOpHIH MOXKeT ObITh Pa3BHT HACOCOM TpH JaHHOMH NMPOHU3BOMH-
teabHocTH. [losToMy B Tex ciyyasx, Korja Heo6XoJuMasi NpOH3BO-
JUTENbHOCTb COOTBETCTBYET TOuke Ha KpuBodl H =f(Q), pacnoso-
MeHHO!l Bbllle padouefi TOUKH A, BO3MOMKHBI CJICAYIOIHE DEIICHHs:
1) npumenuTH Hacoc ¢ apy-
% rOH XapaKTepPHCTHKOMH, yIoBJe-
A ® TBOPSAIOLIEH I0CTABJICHHBIM Tpe-
m‘é_é' ;;f\ P GOBaHUSIM;
b X a4 2) nono6path HOByW Xxa-
é//=/2/ﬂ) paKTepUCTHKY AAHHOrO Hacoca
— A nyTeM YBeJHYeHHs yucia o6o-
POTOB (eciH 3TO BO3MONKHO);
/ 4 \<ﬂ://&’ 3) YMeHBUIHTb [OTEPH B
' N CeTH NyTeM M3MEHEeHHsl Xapak-
y __._:__ A _N_ ] TEPUCTHKH TpyGomnposona (B
/ | paccMaTpuBaeMoM cCiydae He-
|
|

AN

+h 06X0JUMO  yBeJHYEHHe Jua-
¢ meTtpa Tpy6onpoBoxa).

Y & s HaxoxneHHs Heo6Xo-
4 JHMMOTO OTKDBITHSI 3aJBHKKH

CTPOATCS TaK  HasbiBaeMhble

Puc. 160 ApoccenibHble KPHBEIE Tpy6O-
nposofa. [auHnle ajast 1oct-

pOEHHSI TIOJyYaloTcsl InyTeM JH00aBJeHHS K CONPOTHUBJIEHHSIM TPYy-
GonpoBoza Ay, = f(Q) COMPOTHBJCHHH OT 3aJBHXKKH IPH YaCTHYHOM
oTKpbiTHH. TIOCTPOUB JApoccesibHble XapaKTePHCTHKH JJI PasjMYHBIX
OTKPHITHH 3aiBHXKKH a (puc. 160) u 3Has Hamop Hacoca f{1,, cooT-
BETCTBYIOIIMH MNOTpeGHOH INPOHM3BOAHTENbHOCTH @ (Touka D Ha xa-
paKTEepHCTHKE Hacoca), HaXOJHM HeOOXOJHMYIO BeJMYUHY OTKPBITHS

3aJBHKKH.
Ha puc. 160 paGouast Touka D COOTBETCTBYET OTKPBHITHIO 3aJBHXK-

ku 6/8--7/8. Tak xkak npH JpOCCEJHPOBAHHM YacTb Hanopa, pasBH-
BaeMOTrO HACOCOM, TacHTCs 3aJBHIKKOH GeclosiesHo, TO Apoccesiu-
poBaHHe sIBJISETCS HESKOHOMHYHBIM METOJIOM peryJHMpOBaHHs Ha-

coca.
Haun6onee 5KOHOMHUHBIA METOJ pery/JMpOBaHHS IPOH3BOAUTEJb-

HOCTH M HANopa — peryJupoBaHue NyTeM H3MEHeHHs YHCJa OGOPOTOB.
Pery/upoBanie H3MeHEHHeM YHCJa OGOPOTOB OCYILIECTBJISEICS C IIO-
MOIIbIO 3JIEKTPOJBHIaTesiedl MOCTOSIHHOTO TOKA, JBHratejed BHYTpeH-
Hero CrOpaHHs HJIM ClelHaJbHBIX Nepenad.
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§ 70. COBMECTHASl PABOTA HECKOJIbKUX LIEHTPOBEXHbIX HACOCOB

Ilpy coBMecTHO# paGoTe HECKOJBKHX LEHTPOGEKHEIX HACOCOB
MOC/IeIHHe COeNHHAIOTCS MEXAY COOOI0 MOC/IeN0BaTeIbHO HJIHM Napa-
JiesibHO. PaccMoTpuM CcHayana yC/IOBHA MapalesbHOH paGoThl JBYX
LEHTPOOEKHEIX HACOCOB, MOJAIOUUX XKHIKOCTh B OAHH OOGWIMH Ha-
fnopHslil TpyGonpoBox. Ilpu napasienbholi paGote [BYX weHTpoGex-
HBIX HACOCOB oOWiast XAPAaKTEPUCTHKA MOJYYaeTcsl CJIOMKEHHeM Tpo-
H3BOJHTENbHOCTEH [/l KaKJAOro 3HAYeHHs Hamopa. Ha puc. 161

H — 4 | |
, H=£14) Hefe(@)
- — L =, (@) A H-foll)

4 2 =1
f === Tzza/
Lol LB K
| ] F ) dran
—g— | — | i
Puc. 161 Puc, 162

Takoe MOCTpoeHHe BhIMoJHeHO. CoBMelljeHHe XapaKTePHCTHKH TpyGo-
npoBofa H = f(Q) c xapakTepucTHKOH IBYX napa/uiejbHo pabora-
IOLUX HAcOCOB II0OKa3blBaeT, 4To padouyas Touka B faeT NpouU3BOIH-
TeJLHOCTb JABYX HacocoB @, 06oJbllyi0o, 4YeM IPOU3BOJHTENbHOCTh
ofHoro Hacoca (Ttouka A), HO MeHbIIYI0O CYMMAapHOH INPOU3BOLUTEJb-
HOCTH OGoMX HacocoB. Ilpu stoM ueMm Kpyue KpuBas Tpy6GonpoBoja,
TeM MeHee BBHIrOAHA mNapaJuiejbHass pa6ora HacocoB. Ilostomy
napaJjileibHyl0 paboTy HacocoB cJefyeT DeKOMeHIOBaTb TOJNbKO B
TeX CJAydasiX, KOrja xapakTepHCTHKa TPyOolpoBoja JMOCTATOYHO IO-
Jora (mMyHKTHpHasi KpuBas Ha puc. 161).

PaccmoTpuUM yCJIOBHSL COBMeCTHOH pPabOTHl HeHTPOGEXKHBIX HACO-
COB, BKJIOYEHHBIX I[OCJIENOBaTebHO. B 3THX caywasx cymmapHas
IIPOM3BOIHUTENBHOCTh HACOCOB OcTaeTcsl 0e3 M3MEHeHHHd, a Hanop yse-
JIMYMBAETCS IPONMOPLHOHANbHO YHCJY HACOCOB.

Ha puc. 162 nokasana pabouasi XapakTepHCTHKA I/ OBYX OJH-
HAKOBLIX IeHTPOGeXKHbIX HACOCOB, MOJIyYeHHass B pe3yJbTaTe yBeJsH-
4eHHs OpJMHAT HanopoB paboyed XapakKTeDHCTHKH OJHOro Hacoca
Basoe. [locsienoBare/ibHOE BKJIIOUEHHE HACOCOB BHINOJHSETCS TOrAA,
Korja HeoO6XOJMMO 3HAYHUTEJbHO YBeJHYMTb Hanop. B cuay kpyroro
nonbeMa kpuBodl H =f, (Q) paGouas Touka A naer 3sHauMTesNbHOE
yBeJsHueHue Hamopa. [Ipu moJjornx XapakTepHCTHKax TpyOONpOBOJOB
HocJie [OBaTe/bHOe BKJIIOUEHHE HAacoCOB Masioa(GheKTHBHO.
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§ 71. NOAOBHE JIONMACTHbIX HACOCOB

Teoperugeckue pelieHHss MHOTHX BONpPOCOB, CBSI3aHHBIX C JBHIKE-
HHEM BS3KOH XKHAKOCTH B NPOTOYHOH HYacCTH JIOMACTHBIX HACOCOB,
eme He HalifeHol. IlosToMy NpH KOHCTPYHPOBAHHH HOBHIX 0O6Gpasi(oB
JIONACTHBIX MAIUHH TPOBOJSTCS JlaGopaTOpHBIE HCCJENOBaHHSI HAa MO-
JieNIsIX: IpOBepsieTCsl U OKOHYATeJbHO yCTaHaBJHBaeTcst (opmMa JjonacTei
pabouero KoJieca M HanpaBJsIOIEro anmnapara, onpejpessiiorced K. II. J.
Hacoca ¥ M3MEHeHHe K.II. I. B 3aBHCHMOCTH OT PasJMYHLIX (PAKTOPOB
(uncna 06OpOTOB, IIPOH3BOAUTEJIBHOCTH, HAlopa), H3yuaercsi siBJieHHe
KaBHTaUUH U T. L.

Jsis mepexoja OT AaHHBIX, TOJYYEHHBIX HAa MOJEJH, K HATYPHBIM
KoJiecaM 11Crosb3yercs oflasi TeopHsi THAPOLHMHAMHYECKOro nopoGHst
MIOTOKOB B NPHMEHEHHH K JIONACTHBIM MailnHaM.

B § 24 npuBemeHsl riaBHeHLIHe TMOHSATHS O THAPABJIMYECKOM IIO-
JOGHH TIOTOKOB M O KPUTEPHSX NONOOHS BA3KHX KHAKocTeil. 3jech
MBI H3JIOXKUM NpHMEHeHHe 3THX NOHATHII K MOLEJMPOBAHHIO JIONACT-
HBIX MalidH. ['eoOMeTpHYeCKH NOJOGHBIMH JIONACTHHIMH MallMHAMH Ha-
3bIBAlOTCS TakKMe, B KOTOPBIX BCe COOTBRTCTBYIOIIME pa3Mepbl HaXOo-
ISTCA B OJMHAKOBOM OTHOIIEHHHM (ONMHAKOBOe 4HCJIO H ¢opma
Jionacrei, OJMHAKOBBIE YIJbl HakJoHa Jomacteil B; u Bz, OAHHAKOBbIE
yCJIOBHS MOJBOJA M OTBOAA XKHAKOCTH K pabodeMy KoJjecy H T. A.).
W3 ycnoBus nono6usi MOTOKOB CJiefyeT, yTo!

174
LS (395)

H
uM L4 M CM

OnpenenuM CB3b MeXIy OKPYKHBIMH CKODOCTSIMH BpAILEeHHs
paGoyero Koseca B HaType Uy H Ha MOJAENH uy. [LJs 3TOro BHIpasum
CKOpOCTb 4 dYepe3 YHCJIO OGOPOTOB Kojeca B MHHYTY M U pajuyc
BpalUeHHsT 1t

u 2qtn,r 60 Tty

H
u, 602mn,r, r,n

nH ~

I,
rage A = r—" — JHHeHHBIH MaciuTa® MOJeJHPOBaHHS.
M

Torna
u, W Cy

—-—=——=—=)\

H
u, W, ¢

nH
s (397)

z
2

npOHSBO}IHTeJIbHOCTb Hacoca ompenessaercsa 3aBHCHMOCTBIO

Q = 020y, = wycaSin ag,

1 BesMuHHH, OTHOCSIHECS K HATypHOH MauiuHe, 6yJeM OTMeyaTh HHAEKCOM u,
a COOTBETCTBYIOI[HE BEJHUHHH Ha MOAETH — HHIEKCOM .
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rie 5 — MJIONIA/lb MOTEPEUYHOTO CedeHHst MOTOKA NMPH BLIXOJE
13 pa6odero KoJeca;
Car = €y SiN @y — pajiuaibHasi cocTaBJsiomas abCoMIOTHOH CKOpOCTH
BHIXOJA Cs.
Torpa, yuuThiBasi paBeHCTBO YIVIOB % B HAType H Ha MoJeJH,
HNOJyYUM
s 2
Q o, Co, SiN @ ILon n
_“_=“_21_.__2=_;)\_§=)\3_i', (398)
Q, ®,,Cop SIN Qg I My My

Teopertnueckuii Hamop, corjiacHo ypasHenuio (374),

2
H. — CouigcOs @y (2 cos® a,
' g g
Torna
2 2 2
H.y __ Con cos® asg __Com A2 Ny 399
H_ ~ c. costagg 2 n. /" (399)
™ 2m Com L

Tak Kak ZIeHCTBHTeJbHBEI Hanop, pasBHBaeMbIH paGouuM KOJeCOM
Hacoca, ompefensietcss 3aBHCHUMOCTbIO H = e f;, TO, NpHHUMas
€m = Ezu, NOJYUHM

By _ tindllon_ g (M) Tew (400)
HM eZ’M.'ll'MliTM nM ArIl‘M ’
Tak Kak MOIHOCTb JIONACTHOH MallllHbI
QA
T 1029
rae 1 = MMule — NOJMHBIA K. I. A. Hacoca,
TO
ﬂi — YQHHH757]M — QHHHnM — )\3 n_H )\2 n_H ?F_MM —
Ny 7o QuHy QuH iy My v/ Men Mua
n.\37
— A(-) o (401)

[TonyueHHblE 3aKOHOMEPHOCTH,  YCTAHABJMBAIOIHe CBS3b MeEKIY
3/6MEHTAMH HATypbl M MOJEJH, HCIOJAb3YITCA NPH MOAEJHPOBAHUH
JIOTIACTHBIX MallMH W OGOOMIEHHH ONBITHBHIX IaHHBIX; OHH OJUHAKOBO
cripaBelyINBBl Kak JJisl JIOMACTHBIX HAcOCOB, TaK M IJiA THApaBJIHYe-
CKHX TYypOHH.

Mpumep 40. lcnbiTanHe Moje/M LEHTPOOEKHOro Hacoca INPOM3-
BOAMJIOCH B Macmitabe A =5 mpu uucje o6oporoB n = 590 ob/mun.
Ilpu 5ToM NpOM3BOXHTEJbHOCTL MOAEJNH Hacoca Q, = 8,9 a/cex npu
Hanope Hy, = 0,68 x. Cuuras K. n. 1. MOZeJH H HAaTypbl ONHHAKO-
BBIMH, OIIpefeJsgeM:

1) npoH3BOAMTENBHOCTb M HANMOp Hacoca MpPH 310M Ke YHcjIe
060poTOB iy = 590 00/muUH;
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2) NpoHM3BOIMTENLHOCT, M HANoOp Hacoca IIpH UYHCIe OGOpOTOB
ny = 730 06/mun.
Tonbsysice saBucumoctamu ( 98) u (400), mosmywaem:

Qu= Quls;—lf =8,9. 53?%% = 1112 a/cex.

n 590
H, = H? (%) — 0,68 . 5? <5go> —17 .

Tpe6yloumec5l JaHHbIC BLIYUCJAEM aHaJOTHYHBIM NYyTEM:

Qu= Qui’3! =89 - 5° 15 — 1872 alcex;

- 2("n 2 (730
Hy = Ho\ (nu) —0,68-5 <590> —9.9 .
B yCJIOBI/IﬂX Hauiero HpHMepa T HpOCTOTb[ BBLIUMCJCHUNA MbI Hpﬂ'
HAJU K. 0. O. Hacoca INOCTOSHHBIM H He 3aBHCAINHM OT MaCU.lTa6a
MOJEeJH U YHucJjaa 060pOTOB. (I)aKTI/IquKH K. II. 1. MEHdeTCs B 3aBU-
CHUMOCTH OT paSMepOB MaUuIuHBI U YuCJa O60p0TOB, yTo U y'{HTbIBa"
eTcd Ha npaKTHKe.

§ 72. BABUCUMOCTb HANIOPA, NMPOU3BOJUTEJIBHOCTH ¥ MOLHOCTH
HEHTPOBE)XHOIO HACOCA OT YMCJIA OBOPOTOB

N3 mapannenorpamMma ckopoctefi (puc. 154), COOTBETCTBYIOLIHX
06s1acT cXOJia NOTOKa C pabouero xoJeca, MoJjydaem

sin Bg
e e 02
2= e+ B (402)
IlonctaBuB B OCHOBHOE YypaBHeHMe IeHTpoGexHoro Hacoca (381)
H €,MCally COS Ay

g
3HaYeHNe Cp, 1Mo opmyse (402) momyunm

e, sin B, cos ay 3w g = 1/ gsin(as +85) VH. (403)

=2 u
g sin(ag + B2) e,y Sin B, Cos a,

3arteM, Ompefie/lUB OKPYKHYIO CKOPOCTh M3 3aBucumoctu (402):
€2 8in (25 + By)

U = sin B,

’

TIOACTaBHM ee 3HayeHHe B ypaBHeHHe (12-29)

e, sin (ag + cos
o= it Rt
gsin gy
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HJH

— g sinf —
o=/ wimm VT s

Ecan paccMaTpyBaTh CepHI0 MOTOOGHBIX LEHTPOGEXKHBIX HACOCOB, TO
MOXHO CYHTaTh, 4TO KBajpaTHhie KOPHHU B ypaBHeHusax (403) u (404),

CTodIME Mepel BblpaxKeHHeM VH, ABJAIOTCA BeJIMYHHAMH IIOCTOSIH-
HBIMM J1J1s1 BceHd cepuu NMONOGHBIX HACOCOB, TaK KaK B MNOJOOHBIX
Hacocax 3HayeHUd YIJIOB &g H pz, a TaKXe BeJHUYUHAa &; OAHHAKOBHI.

Kpome TOro, MOXHO NPHHATH 7, = const.
O6o3HaunM

b = g sin (a5 + fs) 0 om = gsinpy —
- ey sin Py cosay €M Sin (ag + By) cOS @y *

Torna

Uy = k Vﬁ,
Ca=m VH.
CienoBateJbHO, B TOJOOHBIX Hacocax OKpYy2KHasi CKOPOCTb Bpaile-

HUS Ug U abCOJIIOTHAs CKOpPOCTb Cz H3MEHANTCA TOJIBKO IIpDH H3Me-

HEHUH Hamopa.
Uucsio o6opoToB paboyero koJseca MOXKeT CbITb ONpefiesieHO uepes

OKPYKHYIO CKOPOCTb BpallleHHs:

(405)

60u, 60RVH
=% = D (406)

rie D — nnametp pabouero Ko.eca.

[Ipeanonoxum Temepb, uTo paboyee Koseco LEHTPOGEKHOIO Ha-
coca npu uyHcje OGOpOTOB n pasBUBaeT Hanop /[ W jaeT Ipou3BO-
JHTeNbHOCTL @, a npu uucie oGOpPOTOB n; pasBuBaer Hamop My,
ofecrnieyyBasi Npou3BofuTeNbHOCTs Q. Toraa corsactio (406)

n _OkVAsD _VH (407)
n 60kYHmD YV H,
Tax kaxk NpOH3BCIHTEJIbHOCTL KOJieCca IPONOpPIHOHAJIbHA a6CcoJIIOTHOM
CKOPOCTH BBIXOAA %3, TO B cooTBeTCTBHH c (405)

Q __m]/ITI

Gy (408)

Kpome Toro, Ha ochoBanuu 3aBucumoctedl (407) u (408) nosyuaem
n_9Q

n, T Qy’ (409)

CJIe,ELOBaTeJIbHO, IIPpOH3BOJUTEJIL HOCTD IIEHTp06e}KHOI‘O Hacoca H3Me-
Hsi€TCd INpPAMO INPONOPUHOHAJbHO HM3MEHEHHIO YHCaa 060pOTOB paéo-
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Yero Kojieca, a Hamnop, pasBUBaeMblil HACOCOM, — NPSMO IPONOPILHO-
HaJbHO KBaJpaTy H3MEeHeHHs uHcja OGOpPOTOB, €CJM NpeArNoJararb,
YTO K. M. Ji. OCTAeTcsi TMOCTOSIHHBIM TIDH BCeX pexHuMax paboTel
Hacoca.

MouHocTh, moTpebJsieMasi HacocoM NpH umucje o60pOioB 71, paBHA

__ pgQH
N = 102 °
a npH yucae obOpOTOB 7y
N, — pgQ.H,
1 102
Torpa
N ggHW02q _ QH _ VHH _ H: (410)
N, 102h0gQ H, - Q.H, 'yf—]-_[;Hl - H;/z ’
HJIH
N n\3

T. €. MOLIHOCTb, MNOTpe6JsieMass HAcoCOM, H3MEHSIETCSl IPSMO Mpo-
NOPIHMOHAbHO TPETbeH CTeNeHH H3MeHeHHsl 4YHcsaa OGOpOTOB palo-
yero Koseca. Ecan B dopmynax (407), (408) u (409) mpuusate H =
= 1, 710 monyuyalouKecs B pesynbraTe sHauenus n; Q, u N| Hasp-
BalOTCs «TIpHBeIEHHbBIMH K 1 MeTpy Hanopas. CrenoBatesibHO, MplBe-
IeHHOe YHCJIO 06OpOTOB

’

n = V—’;’ , (412)
NpHBEJEHHBIH paCcXoj
: Q
Q= Vi (413)
NpHUBeJlcHHast MOILHOCTb
. N
VS VR (414)

Cnenyer otmetnts, uto dopmysnt (407), (408), (409) u (411) MOTYT
CJIy XHTb TOJILKO I/l OPHEHTHPOBOYHBIX PAaCUETOB.

Ilpu BeIMONHEHWM TOUHBIX PAcYeTOB HEOOGXOAUMO YUMTHIBATH H3-
MeHeHHMe K. II. J. KoJeca, KOTOpOe CBfI3aHO C H3MeHEHHeM 4iHC/a
060potoB. [lnsi 3TOH HesM CJy»KAaT XapaKTepHCTHKH HAcoca.

§ 73. KO3® PHLUEHT BbiCTPOXOZHOCTH

KoaddunuerToM GHICTPOXOLHOCTH HJIHM YIIEJNBHBIM YHCJOM 060pO-
TOB 7; HasblBaeTcsl 4YHCJIO0 OGOpPOTOB B MHHYTY TaKOro 3TajJIOHHOIO
HACOCHOTO KOJleca, NepeKauyMBalomlero BOAY, KOTOpOe, HMes OIMHa-
KOBBIfl K. I. JI. C T€OMeTpHYeCKH TNOJOOHBIM €My KOJIeCOM, IIpH 3a-
Tparte Momuoctd N = 0,736 xém paseusaeT Hanop Hs =1 m. Bynem
paccMaTpuBaTh JBa MNOXOOHBIX KoJjeca, HMMEIOMUX pasJjuyHble Jua-
Metpbl D u D, a TakkKe pasiHyHOe YHMCJIO OOOPOTOB 7 M fls.
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Ilycte Hamopsl 3THX pabouux KOJIEC COOTBETCTBEHHO paBHBI [
U H; =1 m, npousBoputesbHocTH — Q M @, MowHOCTH — N U Ng =
=1 4. ¢ =0,736 kem.

1) TIpumensisi Bolpaxenue (381) mas ompepesenvs Hamopa, IO-
JIy4uM 3HayeHHs
ezl*q;uéc; cosa,

wHy=——r——,

H— €,7UgCy COS 0y
# OTHOUIEeHHEe

H £, UsCy COS ay
= (415)
s €, lgCo COS Gy

[lo ycnoBuaM mnopo6us

CuieloBatesibHO, OTHOLIeHHe (415) MOXKHO 3anucatb B BHJE

H nD \2
7= (nst) , (416)

2) Vs BblpaxeHHMs IJI1 NPOUBBOAUTENBHOCTH { = ®3C3 MOXKHO
OnpefesMTb BeJMYHHY OTHOIIEHHS IPOH3BOJHTEJbHOCTeHl JBYyX IIO-
IOOHBIX HACOCOB C pasJHYHbIMH AuameTrpamu (D u D) ¥ pas/iHYHbLIM
YHCJIOM 000pOTOB (1 H 75):

©2Co, - D?nD o nD? (417)
T T T =—"3-
©Wolor Dsnst nst

QI—O
A

3) OrHoweHne MOUIHOCTeH TOJOGHBIX HACOCOB ONpEJEJsAETCs H3
BbIPAXKEHHS JUIi MOIIHOCTH JIONACTHOH MAlHHBI:
No_ weQf D} (418)
N g Qf ﬂ?D?

Onpenenss D, us paseHctBa (416) u mojcraBisis ero 3HauyeHHe
B (418) mpu Hy=1,0 m u Ny =0,736 xem, nonyuuMm BblpaxeHHe
o5 Ng:

ny N
s = ——. (419)
HYH
3avenus sgecp N =£§7Q—5§— aas pg = 1000 k2/m®, moJyuHM OKOHYA-
Te/IbHOE BblpaxKeHHe A1 KodddHuIHeHTa GbICTPOXOLHOCTH:
36501 Q
s == T . (420)
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3aBucuMocTh a1 Ko3(duumueHTa OBICTPOXOLHOCTH 7s MOXKHO MOJY-
YUTh M B IpPYroM BHAe Ha OCHOBaHWHM ¢opmya (404) u (407), moso-
xuB H =1. Torza

__ 60k _ 60 _ / gsin(as+Ba) 421

s — |1 : )
nDg  mD e sin By cos a,

rie Ds— nuamerp paGodyero KoJseca, YJIOBJETBOPSIOMMN YCIOBHAM,
OnpelesIiOIUM TTOHsATHE K03(dHIHeHTa GHICTPOXOXHOCTH.

Uenmpodexenwe yacocs
Koneco Kaneco
Tuzxoxodroe | Hopmanbwoe |beicmporodnoe| duazoranssora\iponemernozo
Koneco R Koneco Kozecg Hacoca Hacoca
/4 v 14
b
2, D,
7 =l ¢
(4 (7]
&
Ne=120-200\ ng=200-500\1,=500—1200
J/A b)) Y/
~[8—1y | ~12—11 |22~08
2,1 5, " 13,
Puc. 163

CrenoBatesibHO, K03¢GhHIHEeHT OBICTPOXOLHOCTH XapaKTepusyert
KOHCTPYKTHBHEIE OCOGEHHOCTH CepuM NOAOOGHBIX HACOCOB, OIpeselise-
MBIX TIOCTOSSHHBIMH JJjIi BCEH CepHH BeJMYHHAMH ¢g2, P2, € H 7r.
TlostoMy pmanHbil KO3(DGUIHEHT H CAYKHUT LIS KJIACCHQUKANUH JIO-
NacTHBIX HAacoCoB, a Takke M HX I1on6opa B COOTBETCTBHH C 3a-
JIAaHHBIMH yCJIOBHSIMH.

Bce Hacocel B 3aBHCHMOCTH OT MX OBICTPOXOLHOCTH JEJATCS HAa
OSiTh OCHOBHBIX THIOB (Tabsa. 16 u puc. 163).

Uz dopmynsr (420) caenyer, yTo NpM 3aJaHHOM 4YHCJE OCOPOTOB
n K03(p¢uLUUeHT ObICTPOXOAHOCTH 7s YBEJMYHBAETCS C YyBe/JUYEeHHEM
NIPOU3BOJUTEJILHOCTH H C YyMeHblleHHeM Hamopa. CJiefoBaTesbHo,
B OOIlleM cjiyuae THXOXOJHBIE KoJjeca ciyxKat AJisi CO3JaHus GOJbIIHX
HanopoB INIpH MaJoH NpPON3BOAUTEJbHOCTH, a ObICTPOXOAHBIE KOJieca
(nuaronanbHele, npomneJsiyiepHble) al0T GOJBHIYIO IPOH3BOAUTEIHHOCTE
IIpY CPaBHHTEJIbHO He3HAauHTeJbHbIX Hamopax. [losTomy THXOXOHHBIE
Hacochl HauGoJjiee 4YacTO TNpPHMEHSIOTCH B BOJOCHA0KeHHH U BO BCeY
CHellMaJbHEIX CJydYasX, Korja HeoGXOAMMO cosfaHue GOJIbLIHX JaB-
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Ta6auna 16
Tunbl paGounx KoJec M MX GbICTPOXOXHOCTH

D,!

n Z2

Tunel KoJec s b,

Tuxoxonuele HEHTPOGEKHBIE . . . . + o . . « o« o« . 4080 2,60
Hopwmanbubie » e e e e e e e e e e 80150 2,00
BricTpoxoaunie » e e e e e e e e e 150--300 1,8=1,4
INonyocesrie (}.marorianbﬂue) ........ . .| 300600 1,2—+1,1

OceBble (nmponesJiepHble) . . . . . . e« s« o s« . .| 6001200 0,8

JleHHH B CeTH, a IpoIeJiepHble — B YCTAaHOBKAax, IpelHasHayeHHBIX
I noAbeMa GOJBIIMX Macc BOJbl HA CPaBHUTENbHO HeGOJBIIYIC
BBICOTY, HampHuMep, [/d IOAa4Yd BOIbl B OPOCHUTE/bHble KaHaJbl.

Mpumep 41. Omnpezennts THN paGouero KoJieca No KodhduuHEHTY
GEICTDOXOXHOCTH, ecjld H3BeCTHHl UYHCJIO O0GOpPOTOB Hacoca n =
= 1450 06/mun, mnpousBogutenbHocTb Q = 0,05 m®/cex ¥ Hanop
H =25,0 m. Tlonesysicb ¢opmyJoit (413), nomyuaem

1o = 3,660 '/Q 365 - US0V0.05 _ 106 o6/ mun.

25"/

[To rtaba. 16 ycraHaBiuRaeM, 4TO B paccMaTpPUBAeMOM CJayuae
ClefyeT NPHHATb KOJECO HOpMaJbHOU OBICTpOXORHOCTH (2s = 80—-
-+ 150).

§ 74. NPOLECC BCACbIBAHUSA U SABJEHUE KABUTALUH

IlpuHAB 3a NJIOCKOCTb CpaBHEHHsSI YPOBeHb CBOGOXHOH MOBEpX-
HOCTH KMJAKOCTH B Kosoxue O — O (puc. 148), namumeM ypaBHeHHe
Bepuymmu pmna ceuenuit O —O u [ —1[ (ceuenue [ — [ cooTercT-
ByeT BCachlBaoLeMy nanyéxy Hacoca):

p
aT+2g m+“.%+wm

rje v, — CKOpPOCTb IBHMIKEHHS KHUIKOCTH B KOJIOALE;
p1 — abcoJoTHOe THAPOAMHAMUYECKOoe JaBJjeHHe B ceueHUH [—J;
€; — CKOPOCTb JBHIKEHHS KHIKOCTH BO BCACHIBAIOIIEM NatpylKe;
hyc — reoMeTpHUecKasi BHICOTA BCACHIBAHHA;
Hwsc — NOTEpH TIPH BCACBIBAHWH,

BCJIEZ[CTBHC MaJIoCTH CKOpPOCTH v, BEJIMUHHOH CKOpPOCTHOro Ha-
2

v
nopa Eg% MOXKHO npeHe6peub. Torza
2
Par— P1 cl
hnc =-—pg— ""thc —2‘—g"
! 3nece Dy, — HapyxHHIH juamerp padouero Koseca; Dy — ZUAMETD OTBEPCTHS:
BXOJa MOTOKa B KOJECO.
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HJH
f
th = hBaK - hwac - Q—g‘ . (422)
Onpezesisis BBICOTYy BcachiBaHUs, HEOOXOAHMO HMeTb B BHAY Ciie-
Iywooliee 00CTOATENbCTBO: NpH paboTe Hacoca BO BCachlBarolledl TpyGe
IPOHCXOIMT TIOHMXKEHHe JaBJeHHa JO BeJHUHHB p; < par. Ecan
IaBJieHHe p; NOHHU3UTCS JIO JaBJieHHs NapooOpasoBaHHsi BCachlBaeMOH
JKUAKOCTH pn, TO HayHeTcss oOpasoBaHHe NapoB H HOpMaJsbHas pa-
6ota Hacoca Oyner HapyweHa. [lostomy MUHMMa/NLHOE HaBjIeHHE
B Hacoce JOJIKHO ObITb BBIlle JaBJeHHs] NapooOpasoBaHHs BCacChiBae-
MO# XHAKOCTH. B yacTHOCTH, 1aB/ieHHe NapoB BOABI CHJIBHO YBEJH-
yuBaeTCcs C IOBBbILIEHHEM ee TeMIlepatyphnl (Taba. 17).

Ta6auua 17
Hapienue mapos BOAbI P B 3aEHCHMOCTH OT TeMNEpaTyphi

Temnepa-

1ypa £° C 5| 10 | 20 | 30 l 40 | 50 | 60 | 70 | 80 90 ’100

Py M 600. 10,09 |0,12 |0,24 |0,43 '0,75 |1,25 2,00 13,17 4,80 ‘ 7,10 110‘33
cm.

BesnuuHa noJiHOH yIenbHO!H SHeprHH [OTOKa IPH BXOJAE B Hacoc,
paBHas

p cf
=" 4
1 pg+2g’

JOJIKHA ofeclieydBaTh CO3JlaHHe 3aJaHHOH CKOpPOCTH BXoja ¢; M Ipe-
OloJieHHe NOTepb IpPH BXofe Oe3 NMOHMIKeHMsl JaBJCHHS IO BeJHYHHBI,
IpH KOTOPOH MOXKeT HauaTbcsl mapoofpasosaHue. Ilpu stom Heobxo-
IVMO HMeTb H30LITOK JaBJeHHsi IO CpaBHEHHIO C JaBJeHHeM INapo-
0o0pa3oBaHus, T. €.

pr P.

Al =E, — P"_ré’_l_g" e’

(423)

OnpenesuB OTCIOAA 3HAYeHHE KHHETHYECKOH SHepruu
2
‘i

p
1 _Ag-PA =
2g pg+pg

NOJICTAaBHM 3TO 3HAaUeHHEe B BbIpaxKeHHE (422) IJi1  BbICOTBI BCacChbliBa-
HHUA:

Par
hac =

—"——'—hwc—A[]"‘———:_——:— — hws — AH,

(124)
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s obecneueHusi HajexXHoH paGoThl Hacoca BeJMYHMHA H3OBITOYHOIC
IaeseHus1 AH ymHOXaercd Ha Ko3dguuueHT 3anaca ¢ = 1,2+ 1,4,
Torna ¢opmyna nss omnpefeseHHsi TaK Ha3bIBaeMOH «KPHTHYECKOMHY
(MakcuMasibHO NOMYCTHMOM) BBICOTHI BCACHIBAHHS NOJYUYAET CJAEAYIOLIee
BbIpaXXeHHe:
frgo =20 g — oMM, (425)
pg

CrnienoBate/ibHO, BHICOTA BCACHIBAHMS 3aBHCHUT OT TeMIlepaTypbl
JKHUIKOCTH, NepeKaylBaeMOH HAacOCOM, NOTepb IIPH BCACBHIBAHHH H OT
BeJIMYHHbI HEOOXOAMMOIO [ aBJIeHHsI IPU BCAChiBAHUM, a TakxkKe pOAa
KHJKOCTH,

ddpnenne kaBuTanuu. Eciau paejerne npu BXOoie Ha Jo-
nactu pabouero KoJjeca IOHM3HTICS JO JaBJieHUsl NapooOpa3oBaHUs
BCaChIBAEMOH MIKOCTH, TO B MEKJONAaCTHOM NPOCTPAHCTBE paboyero
KoJsieca 00pasyloTcs Napbl, HaJH4dHe KOTOpPBIX OOYCJOBJIMBAaeT KaBH-
TalHo.

SdiBJienHe KaBUTAIlHH B JIONMACTHBIX MallHHAX 3aKJIOYaercss B CJie-
JiyIollleM: BbUIEJISIOIHecs] U3 XKHAKOCTH INy3bIpbKH Napa YBJEKaioTca
JBHKYIIHMCS [OTOKOM H, monanas B 06JacTb IOBHILEHHOTO JaBJjie-
HHS, HCUe3al0T B pesyJibTaTe KOHAeHcalMH. BceJjelICTBHe HCUe3HOBe-
HUSl TY3BIPbKOB IpH MIHOBEHHOH KOHJEHCAUMM Nlapa MpPOHCXORUT
MecCTHOe ToBBILEHNe nasjeruss no 1000 u Gosee atmocdep.

Mexannueckoe JefiCTBHE TOBBIIIEHHOTO JaBJieHUs1 (MECTHBIE yAaphl
IpH MIHOBEHHOM 3aNOJIHEHHM 3KHAKOCTBIO OOBEMOB, OCBOGOAMBILIHXCS
B pesyJbTaTe KOHJeHCallMH Ny3blpbKOB Napa) IPHBOILUT K paspyiie-
HUIO Jonacteil. Kpome Toro, paspyiueHHe Jionacteii NpH KaBHTauUH
IIDOHCXONUT TaK¥Ke H3-3a 5pO3UM MeTraja.

KaButanus conpoBoxAaeTcs XapaKTepHBIM I[IYMOM H TPECKOM
BHYTpH Hacoca, IOHMXKaeT K. I. J. Hacoca, Hamop M HHOrJAa BEI3bI-
BaeT BuOpauuto arperara. OcoGeHHO GBICTPO TIPH 3TOM pPas3pyulaeTcst
gyryH. bosee CTOHKUMH MeTaJyiaMH OKasblBalOTcs GPOH3a M HepiKa-
BelOllasg CTajb, HO H OHH IoABeprailTcsl paspywenuto. ITostomy
KaBHTalMsa npH paboTe HACOCOB HENONYCTHMA, a BbICOTa BCACHIBAHHSA
JOJIKHA OBbITb TAKOH, NPH KOTOPOH BO3HUKHOBEHHE KaBHTALUH HEBO3-
MoxHo. Orciofa cjienyer, 4YTO Ui YCTPAHEHUS] BOSMOMKHOCTH BO3HHK-
HOBEHHSI KaBUTAlMH HeOOXOAHMMO OOeCleyuTh MMHHHMaJjbHOE H30bI-
TOYHOe JaBJjieHHe BcachiBaHWs AH, omnpejesisieMoe 3aBUCHMOCTBIO

AH = oH, (426)

rie o — KOo3(phHUNeHT KaBHTALMH, ONpeJessieMbli Kak ONBITHBIM, Tak
U TEOPETHYECKHM IIyTeM;
H — nanop, pasBHBaeMblii HacOCOM.
CrienoBaTesibHO, HaMGosibllasi BEICOTA BCACHIBAHHS HE JOMXKHA IIpe-
BBILIATh 3HAYeHHS

Par— Pn
hac = ‘T—pg— -_— hwgc = CPG‘H. (427)
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Jns onpenenenus kosddunreHTa KaBHTALHH & MOX HO NOJIb30BATHCA
dopmysoh
ng /s
o =(g)" (428)
rae ns — Ko3¢pdHuuueHT OGbICTPOXOLHOCTH paboyero KoJseca;
C — K0o3h(}HULHeHT, XapaKTepH3YIOWMH KOHCTPYKIHIO Hacoca
(o6biyro C = 500—600, n1s HekoTOphIX KOHCTpYKuui C =
= 800—1000).

HonycTuMass BakyyMMeTpHYecKasi BbICOTA BCACHIBAHHS JUIsl LEHT-
po6exXHbIX HacocoB OObIYHO KoJebJercs B npefenax or 6,0 u (f =
= 10°C) no 4,5 m (¢t =30°C).

Mpumep. 42. LentpoGexxkuniii Hacoc Tuna 20HJH mpousBoiuTebHO-
ctblo Q = 555 sfcex mpu nanope H = 13,5 uMmeer uucsao 060OpPOTOB
n = 730 06/mun. Onpepenutb K09(p(HHIUEHT KaBHTAUHH U MAKCHMaJIbHO
BO3MOXHYIO BBHICOTY BCACBIBAHMA MJs1 TOro Hacoca. MaBecTHO, dTO
TeMIepaTypa nepeKaunBaeMod BoAbl cocTasJsier 20° C, noTepH BO BCACHI-
BaIOWIEH JHHHH Agse = 0,50 M, Kosdpduuuent B dopmyne (428) paseH
800 .

YcTaHOBHM cHavaja KosdduiueHT ObICTPOXOJHOCTH N0 QopmyJie
(420):

_ 3,65ri 1 40) __ 365 - 730 V 0,555 _ 982 06/ MUk
H* 13,54

3artem no (428) onpenennM Ko3(pGHLHEHT KaBHTalHH:

ng /s 289\ /s
o=(5) =(8—0-0) — 0,247,

a MaKCHMAaJbHYI BEICOTY BCACHIBAHHSI — 10 Qopmyde (425), npunuMas
ans Boxel npu 20°C gpaBsenne pg = 0,236 M, Koadduuuent ¢ = 1,2:
Hoe = ”a*‘; P hgge — goH = 10,0 — 0,236 — 0,50 —1,2.0,247 x
X 13,5 = 5,26 m.

Bennuuny Bakyyma, oGpasyiomerocsi B Hacoce, OmNpefeJuM 10 ¢op-
MyJse (422), mpH CKOpPOCTH BXOZa BOABI B Hacoc ¢; = 1,5 m/cex.
Torna

ns

2

hBaK = th + thc -+ ;Lg = 5,26 -+ 0150 + -119,262-2 = 5,88 M.

§ 75. MIPUMEPbl KOHCTPYKL U JIODACTHBLIX HACOCOB,
H3rOTOBJISEMbIX HAWIENA NMPOMbIUJIEHHOCTbIO

B HacrosimeM naparpade npHBEJEHO KPATKOE ONHCAHHE HEKOTOPHIX
KOHCTPYKLHH JIOMACTHBIX HACOCOB, M3TOTOBJISIEMBEIX OTEYECTBEHHBIMH
3aBOJIaMH M IIpeJHAa3HAuYEHHBIX JJisl NIEPEKAYKH UHCTOH BOABI C TeM-
neparypoit no 80°C,
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Mapka HacocoB oGo3Hauaercss LH(ppaMH H OyKBaMH, XapakTepH-
SYIOUIMMHM pasMephl, THI H OBICTPOXOAHOCTb Hacoca. Hampumep,
8K-18 o6osnayaer: 8 — guaMeTp BXOAHOrO naTpybka B MM, YMeHb-
wennelit B 25 pas; K —tun Hacoca — KoHCOJbHHI; 18 — Ko3pdu-

Puc. 164

fIMeHT OBICTPOXOTHOCTH, yMeHbmeHHBIH B 10 pa3. 6HJIB o6osnauyaer:
6 — nuaMeTp BXOZHOro Natpybka C TeM Ke ymeHblueHueM; H — Ha-
coc; Jl — nBYXCTOpDOHHHH (ABYXCTOPOHHMI BXOH Ha pa6odee KOJIECO);
B — BBHICOKOHAMOPHHIH ¥ T. 4. KoHCOJbHBIN HEeHTPOGEKHEIl Hacoc TH-
na K ¢ oJHOCTOpOHHMM BXOJOM IIOTOKAa Ha pafouee KOJIeCO MOKa3aH

12 1 9 655 7 A

i
!
i
|

d
I

Puc. 165

Ha puc. 164 u 165. Kopnyc Hacoca u paGouee KOJIECO BBHIIOJIHEHHI
u3 uyryna. Hacoc moxer paGoTaTh HemOCpPeNCTBEHHO OT 3JIEKTPOJBH-
ratejif, HO UMEET TaKxe IIKMB JJIs1 peMeHHO#H mnepenaud. IIpousBomu-
TEJbHOCTb HACOCOB JAHHOro THma KoJsebaercs ot 1,3 mo 100 a/cex
npu Hanopax ot 12 go 100 m. Ha monmepeunom paspese Hacoca Tmo-
KaszaHbl (puc. 165): / — kopmyc Hacoca; 2 — pa6odee KOJieco; 3 — Orop-
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Hasi croiika; 4 — BxonHO# natpyGok; 5 — paGounii Bas; 6 — rafika
paGouero KoJseca; 7 — HOAUMHMIHUKH; 8 — CaJbHUK; 9 — KOJBLO BOJS-
HOro ymiaoTHeuusi: [0 — ympyras MydTa HJs COeIHHEHHS C 2JIEKTDPO-
JIBHTaTeJsIeM.

B 3aBucHMMOCTH OT pa3MepoB KOHCOJbHBIE HACOCHI MMEIOT K. M. [.
or 1 =0,65 (1,6K-6) mo v = 0,82 (8K-12) mpu uhciae 06OPOTOB N =
= 2900 (manbie Hacockl) ¥ n = 1450 06/mur (6ompmue). OnHOKOJEC-
HBIE FOPH3OHTANbHBIH Hacoc Ttuna HJ ¢ IBYXCTODOHHHM BXOAOM
BOABl Ha paGouee KoJeco TOKasaH Ha puc. 166, 167 u 168

Puc. 166

Kopnyc Hacoca H3rOTOBJISIETCA M3 UyTyHa; KOHCTPYKTHBHO KOp-
nyc BBINIOJNIHEH C TOPH3OHTAJbHOH IIJIOCKOCTBIO pasbema. [Ipu mo-
MOIIM YIPYTOfl MYy$Tbl HACOC COEAMHSAETCA C 3JEKTPOJABHUraTesieM,
pasMellasicb ¢ HUM Ha OAHOH muute. IIpOM3BORHTENBHOCTH TAKHX
HacocoB KoJieGiercs B mpefesax or 25 po 1400 a/cex mnpu na-
nmopax or 10 mo 100 m. B oTiimune or HAcocOB C OZHOCTOPOH-
HUM BXOJIOM, HAcOChl 3TOrO THIA MeHee IOJBEpKeHbl KaBHTAUUH U
XapaKTepHu3ylTcs JYYLIUM YPAaBHOBEIIHNBAHHEM OCEBOTO JaBJEHHSI.

Hacocbl ¢ IBYXCTODOHHHM BXOJOM HMEIOT BBICOKMII K. M. 1. H pa-
6oTaloT B I[UMPOKOM JiHamnas3oHe 00GOpOoTOB OT n =0585 gm0 n =
= 2950 ob/mun.

B cBsisu ¢ atum Hacockl HJI mosyunanm mupokoe pacmpoctpaHe-
HHe.

MuorocryneHuaThe LeHTpoGex HHEe HacocH. B Ka-
yecTBE NpUMepa NpHUBEJeHAa KOHCTPYKIMS MHOTOCTYIEHYATOro Hacoca
CEeKI[MOHHOTO THMNA, NpeicTaBjedHas Ha puc. 169. Kaxngasa cexuust
3TOTO HAcoca COCTOHT H3 Kophyca a u JjonarousHoro Juddgysopa 6.
Hacocel mpenHasHaueHbl A1 NHTaHHS BONOH NapoOBHIX KOTJIOB, IIAXT-
HBIX BOJOOTJIMBHBIX YCTaHOBOK H T. X. OHHM MOT'YT Pa3BHBaTb Hamop
1o 700 m mpu mnpowussoauTeapbHocTH ot 30 go 300 m3/u. Uwueno obo-
poroB Takux HacocoB — 2950 uau 1450 06/mun.
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[lenTpoGexkHEle HACOCHl HA BepTHKAJIbHOM BaJy, NPUMEHSIOMIHECS,
HanpuMmep, AJs1 OTKauKH BOJBI M3 CKBaXKHMH, NMOKasauel Ha puc. 170
u 171. Ha puc. 170 npezncraBjeH Hacoc ¢ 3/JeKTPOABHMrartesieM Ha MO-
BEPXHOCTH CKBaXKHMHBEI, 4 Ha pHC. 171 — Hacoc ¢ MOrpy:xKeHHBIM 3JeK-
TpoABUTaTeeM. ITH HACOCHl MCIIOJB3YIOTCS MNPH BOAOCHAGKEHHH H3

Puc. 167

apTe3UaHCKUX CKBAXKMH W HA3bIBAIOTCA TIJyOHHHBIMH, HJH apTe3HaH-
ckuMHu. [IpenMymecTBoM HacOCOB € TOTPYEHHBIM 3JEKTPOIBHraTeseM
SIBJISIETCSI OTCYTCTBHE IJIHHHOTO IIPOMEXYTOUHOTO Basa. ITH HACOCHI
MPHUBOJATCA B JBHXKEHHE CNELMaJbHBIMH 3JeKTPOABHIaTE/SIMH, MOTPY-
JKaeMbIMH B CKBaXKHHY M 3allOJIHEHHBIMH IHCTHJ/IJIMDOBAHHOM BOXOMH
HJII MacJIOM.

Ha puc. 172 npusenen cBogublii rpaduk moseit H = f(Q) nauGo-
Jiee INHPOKO NPHMEHseMBIX LEeHTPOOEKHBIX HAcOCOB IJIst YHCTOH BOJHI,
H3TOTOBJISIEMBIX OTEYeCTBEHHBIMH 3aBOJAMH.

§ 76. OCHOBHBIE BONPOCHl 3KCNJAYATAUHH UEHTPOBE)XXHbBIX
HACOCOB H OCHOBHBIE NMOHSATHS OB OCEBbIX HACOCAX

ITepen myckoM LEHTPOOEXKHOrO Hacoca HEOOXOAVMO INpelBapHTeb-
HO 3allOJIHHTb BOJOH ero KOpHmyc M BcachBawouiylo Tpyly. 3ajuBka
HAcoCOB HeGOJIbIIMX PasMepoB OOBIYHO OCYUIECTBJISETCS Yyepes CIielH-
aNbHYI0O BOPOHKY C KPaHOM, YCTAaHOBJIEHHYIO B CaMOH BepXHeH TOuke
Kopiyca.
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BoLiiMBaHHIO BOZAB M3 HAacoca yepe3 BCACHIBAIOLLYIO TPYOY Npemnsr-
CTBYeT yCTaHABJIHBAaeMbIH Ha ee KOHLE OGpaTHHH KJjanaH. 3amnoJHe-
HMe BOJOHM HAacocoB OOJIBWIKNX Ppa3MepoB MPOMU3BOLUTCH IIOCPEACTBOM
co3JlaHusl BakKyyMmMa B KOpIyce Hacoca M BcachlBaiouiell Tpy6e mpu Io-
MOILM CIIe[[Ha/JbHBIX BaKYyM-HACOCOB MJIH 2KeKTOpoB. [ljsi mpucoenu-
HeHUsl TPYOKH BaKyyM-Hacoca WJH 33KeKTopa CJYKHT OTBepcTHe, 3a-
KpbiTOe NpPOOKOH M pACIO/IOXKEHHOe B caMOH BLICOKOH TOYKe Hacoca.

UToGbl NpelOTBPaTHTh 3acachlBaHHE BO3JyXa HAcOCOM, KOHel Bca-
coiBatoniell Tpy6bl MOTPYKAOT B BOAY He MeHee ueM Ha 0,5 m Huxe
€aMOro MHUHHMAJIbHOTO TOPH30HTa BOZABI B BOJOIPHEMHOM KOJIOALE.

Banel Hacoca ¥ MOTOpa IOJIKHBEL GBITH CTPOrO LieHTpHpOBaHbl. Ilyck
IIEHTPOOEXKHBIX HAaCOCOB BO H30exKaHHe meperpysku ABUraress B 60Jib-
IIHHCTBE CJIyuaeB NPOU3BOAUTCA IIPH 3aKpPBLITOH 3aiBHXKKe, KOTOpasd
NocTeNeHHO OTKpbIBaeTcsl MOcJe HauaJjia BpalleHus paGouero KoJeca.
Ilpu skcmiIyaTanuy HAcocoB oco6Oe BHUMaHHe cjeqyeT ofpalarb Ha
COCTOSIHHE Ca/JbHHKOB, TaK KaK 4Ype3MepHO 3aTsHYTHIH CaJbHHK H
CJIMIIIKOM TBepjasi HaOMBKa BHI3LIBAIOT HarpeBaHWe CaJbHHKOB, YCKO-
PAIIOT HM3HOC BaJjla U BBI3BIBAIOT JOMOJHHTEbHblE MOTePH 3HEPTHH Ha
TpeHHe. ITo3TOMy HYKHO 3aTSirMBaTh CAaJbHUKH TaKMM 00pasoM, 4YTO-
6bl uepe3s HHX cJerkKa NpocauuBajach BOJA.

Bo Bpemst paGoTel Hacoca HeoGXOAHMO BecTH HaGMIOAeHHA 33 IIO-
KasaHusMH NpUOOPOB: BAKYYMMETPa, MAHOMETPA U amrepMeTpa, ¢ IOMO-
b0 KOTOPBIX MOMKHO KOHTPOJIMPOBAThH HpOIECC BCACHLIBAHHS, Harue-
TaHUA M paboTy 3JieKTpoMoTopa. Kpome TOro, HY:HO CJIeJHUTb 3a IpO-
H3BOJUTEJILHOCTBIO Hacoca.

Ilokasanua amnepmerpa, B YacTHOCTH, IIO3BOJISIOT MPeAYIPENUTH
neperpysky MoTopa B cjyyae BO3HHKHOBEHHS PasJUYHBIX HeENoJaJoK
B Hacoce (3acopeHHe Hacoca, yBeJHYeHWE OCEBOTrO JaBJeHus, 3ae-
JaHUe IlleeK Basja B NojmunHUKax u T. A.). Ilepen ocraHoBKO# Ha-
coca HeoOXOAHMO 3aKPbIThb 3aJBHKKY, YCTAHOBJEHHYO Ha HarHera-
TeJIbHOM TPYOOIpOBOJE.

B nocnepnee Bpemsi IIHPOKOE paclpocTpaHeHHe CTa/lH IOJydYaThb
oceBble (mpomeJiepHble) Hacock GoJibinofi HpousBoputesnbHocTH. C HX
MIOMOLIBIO MOXKHO IIOJHHMAaTh 3HAYHUTEJbHBIE MAacChl BOABI NPH CPaBHH-
TeJIbHO HeGOJIbIINX HAamopax. JTO OTKPbIBaeT GoJbllNe IepCleKTUBH
JJIs1 MCIIOJIb30BaHMSI TaKMX HACOCOB B CeJbCKOM XO3fHCTBE IPH opra-
HHM3alUH paboT IO MeXaHHYeCKOMY OpOLIEHHIO.

Ha puc 173. npexcraBieHa cxema mpomnesjiepHOro Hacoca. Pa6o-
yee KoJieco J, HaloMHHaloliee co6oi0 rpeGHOM BHHT, COCTOMT M3 He-
CKOJIbKHMX Jionacrell, M30THYThIX 110 BHHTOBOH IIOBEDXHOCTH M IIPH-
KPEeIUVIeHHHX K BTYJKe 2, COeIHHEHHO!H C BepTHKaJbHBIM paGoyuM Ba-
JoM 3.

B oceBrx Hacocax KMAKOCTb IOCTyMaeT K pafoueMy Kojecy H
OTBOZHUTCSl OT HEro B OCEBOM HampaBJieHHH. PaGouee KoJieco mpu cBO-
€M BpallleHHH OTKJIOHSIET IIOTOK JKHIKOCTH OT OCEBOrO HalpaBJeHHsI
B CTODPOHY, IPOTHBOIOJIOXKHYIO OKDYKHOH CKOpOCTH Jomacte#l. Yka-
3aHHOE OTKJIOHeHHe OOYCJIOBJINBAaeT H3MEHEHHe KOJIHYECTBA JIBHIKEHHS
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W CBSI3aHHYIO C HUM Pa3HOCTb JaBJIeHUH B CeYeHuAX Iepej JonacT-
HBIM KOJIecOM M 3a HHM. [yl yMeHbllleHHs TOTepb HeprHH 3a pabo-
4UM KOJIeCOM YCTaHaBJIMBAeTCSl HENOJBIKHBIH HaNpasJsOLIUE anna-
pat 4.

Hamnop, pa3BHuBaeMblil 0CeBBIM HacocOM, MoXeT CBITb ONpejeJieH H3
OCHOBHOT'O YpaBHeHHs JionmacTHbIX MamuH (374), Kotopoe I/ OCEBOro
Hacoca npu R; =Ry =Rz u

Uy =us=0wR=u
MOXeT OBIThb 3alHCaHO B BHJE
H. — Coll COS ag CyU COS ay
* g g
Tlpu oTcyTCTBHM NpefBapHTENILHOTO 3aKPYYHBAHHUA JKHAKOCTb BXOAHUT
Ha Jiomactd pabouero kKoJseca B OCEBOM HalpaBJeHHH, T. €.

cycosa; = 0.

= é(cz COs 0g — €, COS ;) U, (429)

CuieioBaTeNbHO,
H,— Coll COS @y ) (430)
g

I1pou3BOANTENHHOCTE OCEBBLIX HACOCOB KOJEGJIETCS B BeChbMa 3Ha-
yutesapHbX npepesax: or 0,10 no 25 m®/cex npu Hamopax He HpeBH-
wawouux 4—6 m. Hasa cosganus Gosbuwinx HanopoB — 1012 m —
NPUMEHSIOTCS] IBYXCTyNeHYaThle Hacochl. Camble MOIIHbIE NpONesJiep-
Hble HAacoChl, MMeIOIIHe IPOM3BOIHTENbHOCTb 25 M3/cex mpH Hamopax
or 6 mo 11,5 m, ycraHOBJEHB Ha HACOCHBIX CTAHIHMAX KaHaja HMe-
HH MOCKBHI.

BBuzny BBICOKOH OBICTPOXONHOCTH BBICOTA BCACHIBAHHS OCEBBIX Ha-
COCOB BO H30eXaHHE KaBHMTAllMM IIpHHHMAaeTCsi OTpHIATeJbHOH (3a-
raybJieHHe Hacoca IOJ, YPOBEHb).

Boicokasi npou3BOAMTENBHOCTb, NMPOCTOTA KOHCTPYKIMH, BBICOKHE
K. . I. H Majas YyBCTBHUTeJbHOCTb K 3aCOpPEHHIO CIIOCOGCTBYIOT
WIHPOKOMY PacHpOCTPaHEHHIO HAcOCOB IPONE/VIEpHOTO THIIA B pas-
JIHYHBIX OTPacaaX HapOLHOTO XO3sHCTBA.

I'raea mpunadyamasn
T'MAPABJIMYECKHWE TYPBUHDI

§ 77. HASBHAYEHHUE THJAPABJIMYECKHUX TYPBHUH. CNIOCOBbI
CO3JAHH S HANOPA

mapaBanueckoli TypOHHOH HasbIBaeTCs THAPAaBJHUECKHH JABHraTellb,
cJyXamui 19 npeo6pasoBaHUsl HEPTMH IOTOKAa JKHAKOCTH B MeXxa-
HHYeCKylo 3Hepruio Ha Bajly TypOHMHHL. Ilpu mnoMmomu ruaporeHepa-
TOpa, POTOp KOTOPOro OGhIYHO GBIBaeT yKpemJieH Ha OfHOM Bajy C
TypOHHOH, MeXxaHHuYecKasi SHeprus BpalleHHsl NpeoGpasyercs B 3J€K-
TpHuecKyo. I'Hapasanueckas TypOHHA COCTOMT M3 paGouero KoJieca,
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HMeIOIero psf Jonacrefl crenuasbsHOro npoduiisi; XHAKOCTh, NpOTe-
Kasl yepe3 pabouee KOJIeCO, OTHAeT eMy CBOIO SHEprHiO, IPHBOAS KO-
Jeco Bo BpameHue. Ha puc. 174 mnpelcraBieHa cxemMa peaKTHBHOH
TypOMHHI, rjle o60o3HaueHo: [ — pabodee KoJgeco; 2 — Baj TYpOHHHL;
8 — TypbuHHas Kamepa; 4 — oTcachiBaoomasi Tpy6a H 5 — Hampas-
JIAIOIMEA annapar.

Pnc. 174

I'uppaBinyeckye TYpOUHBI SIBJISIIOTCS OCHOBHBIM 0GOpYHOBaHHEM
rupposjekTpuueckux craHuuil (I'3C), cayxkamux Ijs HCIOJb30BaHUSA
SHEpPruH BOJHBIX IIOTOKOB. DHEPrHsl NOTOKOB HCIOJb3yeTcsl B MecTax

== Kpubas nodnopa _rpp ¢ flromura

Puc. 175

COCpENOTOUEHHbIX MNajieHHH, B OOJILIUMHCTBE CJly4aeB CO3/aBaeMbIX
THIPOTEXHNYECKHMH COODYKEHHsMH (IJIOTHHAMH, JepPHBAIHOHHBIMH
KaHajlaMH HJIM HX COYeTaHHeM).
IlnoTHHa, NeperopaxuBawllas pycso pekH, NOJHUMAaeT ypOBeHb BO-
JIbl B Hel, co3/jaBasi Heo0 X OUMBIH JIJIs1 paGoOTHI THAPOCTAHIIMH HAanop (pas-
HOCTb ypOBHeH), paBHEH H (puc. 175). JlepuBanvoHHbIH KaHa, MOA-
BOINAIIMEA BOLY M3 peKH K TypOMHaM THMAPOCTAaHIHH, co3jaer Hanop H
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(puc. 176) 3a cuer pasHOCTH YKJIOHOB JHA KaHajJa H peKH, Hapaiiu-
Bas pa3HOCTb YPOBHedl 1O Mepe YIaJeHHss OT MecTa Boxosaopa.
Ouenp yacTo Ha peke Inepej AepHBAllMOHHBIM KaHaJOM YCTpauBaeTcs
IJIOTHHA C LeJIbI0 YBeJHYeHHs Hanopa, Vi o6JjerdeHusl MOCTYIJIEHHst
BOJBl B KaHag M T. I.

fepubayuonHpii Kanan ] .
Pexa \ [8.5. HanopHeii accedw

Typbunrbra s
mpyéonpobod’

AJepubayuonnsii Kanan Hanopreid baccedt

TYpOurHbId
“gvpyioﬂpodod

Puc. 176

B saBucumocTH OT cmoco6a CO3faHHsi Hamopa THIPOCTAHIMH pas-
IeJIAI0TCS  Ha CJelyioliHe TpPH OCHOBHBIX THMa: 1) NpUMJIOTHHHBIE
I'3C, 2) nepuBaunHOHHBIe, 3)NJOTHHHO-JEPHBALHOHHbE. B npHIIOTHH-
Heix I'DC Hamop cospaercs NUIOTHHOH, a B IepUBAIMOHHBIX — Je-
pUBalHOHHBIM KaHajoM. [lnotuHHO-sepuBanuonnas ['2C sABasercs
KOMOHHHDOBaHHBIM pelLleHHeM, Tfe B CO3JaHMH Hamopa Y4acTBYeT
KaK IJIOTHHA, TaK M HepHBallMOHHBIH KaHaJ.

Ecan o6osnaunth yepes H BBICOTY majieHHs (Hanop THAPOCTAHIHH)
NnoTOKa B MeTpax, uepes Q — pacxon notoka B x%/cex, a uepe3 p —
IJIOTHOCTb B K2/m®, TO MOLIHOCTb, KOTOPYIO MOXKET COBEPLIHTb MOTOK
3a 1 cex (6e3 yuera notepn), paBHa

N =pgQH kem,
UJIH
N =, o 0 o, (431)
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Taxk, nna Bomwl pg = 1000, moatomy
N =13,33QH 4. ¢c. =9,81QH ksm. (432y

Ha rugpocraHuuy He BCS MOILHOCTb IIOTOKAa, OINpefesseMas 3a-
BHcHUMOCTBIO (432), mcnoJb3yercsi moJiesHo. IlpeoGpasoBannue rumpas-
JiNYeCcKOll 3HeprHH B MeXaHHYeCKylO IPOHCXOAHT C IOTepsiMH, NO3TO-
My, ecqd 0003HAUUTb 4epe3 N MOLLHOCTb THJPOCTAHIHHU, 3aMepPsIeMYIO
Ha BaJy TypOHMHBI, TO K. N. J. THIDOCTAHLUHH OINpPENEJHTCH OTHO-
LIEHHEM

Nl‘
=1 (433)

Tak kKak K. I. 1. THAPOCTAHUMH NO 3aBUCHUMOCTH (433) yuuTbIBaeTr
BCE NOTEPH 3HEPTHH (NOTepH B MOABOASIIMX H OTBOASIIHX COOpYyIKe-
HUSX U TOTepH B caMOH TypOHHe), TO OH HE MOXKeT XapaKTepuso-
BaTh K. I. A. caMOi TypOuHbl. Ilostomy BBOZMTCS mnOHATHE O pa6o-
yeM Hamope THJApaBJIHYeCKOH TypGHHHI.

PaGouuMm HamopoM TYypOHHBH HasblBaeTC pPa3HOCTb MEXKIY
HanopoM THAPOCTAHLHMH H CYMMOH IOTepb 3HEPrHH B NOABOASLIHX H
OTBOJSIIIUX COOPYKEHHSAX BEpXHero U HUKHero Obeda (puc. 174):

Ho=H — Sha, (434)

rie H,— paGounii Hanop TypOHHbI,

$he — CyMMa NOTEPb SHEPTHH B NOABOASIIUX H OTBOAAIMIHUX COODY-
xKeHusix. PaGounii Hanop TypGHHBI MOXKeT ObITb ONpefiesieH TaK e,
KaK pasHOCTb YACJNbHBHIX SHEPrHH B CEUeHHSX, PACMOJOKEHHBIX He-
NOCPEACTBEHHO nepef TypOHHOH (BXOX B TypOHHHYIO Kamepy, ceueHHe
O — 0, puc. 174) u HenocpeiCTBeHHO 3a TypGHHOH (BBIXOZ H3 OT-
cacoiBawleii TpyOnl, ceueHHe b — b):

2
nelorieforse)
HJIU 1ocJie 3aMEHbI
Ps = Par + pg€2s
“oco a,c?
2g

rle 2, H Zs — yJleJbHble NOTeHIHaJbHble SHEPTHH IIOJIOXKEHHS B Cce-
YeHHSAX Nepej BXOAOM H ToOCJe BBIXONA II0TOKa M3 Typ-
GHHBl OTHOCHTEJIbHO YDPOBHS BOIBI B HHXXKHEM Obede;

—'zo+

, (436).

Par | Pe

Y Pg—y.[[eJIbele NOTE€HIHaJIbHble 3HEPruH JaBJjieHHd B ceue-

HUaAX O —0 u b —b;
agch  aycl

TZ_g— H E — YACJbHBIE KHHETHYECKHE SHEPrHH B TeX K€ CEYEHHHX.
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Takum o6pasom, MOIIHOCTL NOTOKA NpH paGodeM Hamope TypOH-
Hbl OyJleT paBHa

— &Qfy oy, (437)

a. C. 109

pgQH
N,= 7—5"

Torpa K. m. A. TypOMHBI, YUHTHIBAIOUIMH BCe MOTEPH, BO3HHKAIOLIHE
TIpH JBHXKEHHHM [OTOKA 4epe3 Hee, ONPENENHTCS OTHOLIEHHEM

N. N 102
= o == e 438
7)1‘ No PgQHo ’ ( )
e N, — MoIIHOCTb, 3aMepeHHasi Ha Bany TypOHHH, K6m;

M = MMMy — TNOJHBIA K. 0. I. TYypOMHBI, NPEACTABJISIOMH COGOH
NpOU3BEJICHHEe YaCTHBIX K. M. 1. — THAPaBJHYECKOro,
OOBEMHOI0 H MEXaHHYecKOro.

CrieoBaTe/IbHO, MOILHOCTb TYPOMHBEI COCTAaBHT

H H
N, = #50%/1. c. = go—;—m kem. (439)

PaccmoTpuM Tenmepb IBHIKEHHEe NOTOKa TOJBKO Yepes pafoyee Ko-
Jieco TypOMHBL. ¥ JeJbHasi SHeprusi, OTAaHHAas NMOTOKOM paboueMy Ko-
Jecy, OyleT paBHa pPasHOCTH YJeJbHBIX SHEPrHH, cofepXKaliuxcs B
TIOTOKe Nepej; BXOJNOM H IIOC/Ie BBIXOJa M3 pabouero KoJjeca (CeueHHs
I—1 u 2—2 na puc. 174):

° 2
_ N p a,c] p @2l ,
A-—El—Ez—(21-!-;;4-%)—(224-;;4—3?), (440)

specb E; u E; — noJiHBIe ylesbHble SHEPTHH B CEUeHHSX Nepej BXO-
JOM W TocJie BhIXOJ@ IIOTOKa M3 pabouero KoJeca

OTHOCHTEJIbHO yPOBHS BOIBl B HMKHeM Obede;
2y U 2z — yJleibHble MOTEHLHAJbHbIE 3HEPTMH TOJIOXKEHHS,

) Hu fz — YZIeJbHbIE€ IIOTEHIHAaJIbHbIE€ SHEPrUu JNABJICHHS,

Pg
GIC% agcg
%2 H —24—2'. — YZAeJibHBIE KHHETHUYECKHE SHEPrHH B TEX 2XKe ceye-

HHSIX.
3anumeM ypaBHenue (440) B cienywomeM BHEE:

alcf —_ agcg

- (441)

A'—_-El%g—pz'l-h—zz-l-

T'unpapanueckasi sHeprus, npeoGpasyemas B TypOUHE B MeXaHHUeC-
KyI0, COCTOHT M3 NOTEHLHa/JbHOH 4acTH

An=PP g gy (442)
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Y KHHETHYeCKOM

3% — aycl
2g

TypOunel, B KOTOPHIX NMOTEHIMAJbHAS YacTb SHEPTUU

A = (443)

Ay =PP 2 —2,>0,

HasbplBAlOTCSl PEaKTHBHBIMH (HANOpHOCTPYyHHBIMH). B 3THxX TypGHHax
NOTOK TpH BXOJe Ha JIONacTH pabodyero Kojeca HMeeT H3OBITOK HaB-
JIEHHS [0 CPaBHEHMIO C IIOTOKOM, BBIXOJSIIUM H3 TYpOMHEI.

PeakTuBHble TYpGMHBEI XapakTepH3YIOTCSl CILIOIIHOCTBIO IOTOKA,
KOTOpbIH INpH CBOEM JBHXKEHHH 3alOJIHsieT BCe KaHaJgel, obpasye-
Mble H30OTHYTHIMHM JONacTsMH pabouero KoJgeca (puc. 174). Ilpu nBu-
JKEHMH BOJBl Yepe3 KPHBOJIMHEHHBIE MeXKJONacTHble KaHaJsbl IIPOHC-
XONHUT yBeJHYeHHE CKOpOCTeH, T. €. YCKOpeHHe [BHXKEHHs, BCJEICT-
BHE Yero NOTOK OKasklBaeT PeaKTHBHOE [aBJieHHe Ha JONacTH, IpH-
BOJs BO BpalleHHe pabouyuil BaJ TypOHHEL.

B akTuBHBIX TypOMHaX HCHOJb3yeTCs TOJBKO KHHETHUeCKas 3Hep-
rus CTPyH, CBOGORHO BbiTeKawolled U3 comnia (puc. 177) M neHcTByloO-
meH TONBKO Ha 4acTb Jomacred (Kobmeil) pabouero KoJseca; JaBJie-
HHsl IpH BXOZe M BbIXOJe M3 paboyero KoJseca OXHHAKOBbl H PABHBI
atMocepHomy. IloTok, mnpoxopaumiuii uepe3 TypOHHY, He HMEET H3-
ObITKa JaBJIeHHS] Haj aTMOC(hEpHBIM, CKOPOCTH NpH BXOJE Ha JIONAaCTH
(KOBIIN) ¥ TP CXOJe C HHUX NpakKTHyecKH oxuHaKoBhl. CiejpoBatelb-
HO, NOTOK OKasBlBaeT Ha JonacTH (KOBIIH) TOJIBKO aKTHBHOE JaBJle-
HHe, OOYCJIOBJIHBaeMOe H3MeHeHHEeM HalpaBJ/leHHs IBHXKEHHS (B KOB-
1woBbIX Typ6uHax Ileabtona gmo 180°, cM. § 57), uto M sBAsieTCs NpH-
4YHHOH BpalleHHs1 paGouero BaJsa. AKTHBHble TypOHHBI MHOTAA Hasbl-
BAIOTCS1 CBOOOAHOCTPYHUHBIMU.

§ 78. OCHOBHOE YPABHEHME TMAPABJIHYECKHX TYPBHH.
KO39®HUHUEHT BbICTPOXOJHOCTH. KJIACCH®PUKALIHA H NPHMEPBI
KOHCTPYKLHMN THAPABJIHYECKMX TYPBUH

B § 59 BrIBeileHO OCHOBHOE ypaBHEHHE LEHTPOGEXKHBIX JIOMACTHBIX
mawHH (362), KoTopoe NpH NPHUMEHEHHH K THIPAaBJIHYECKHM TypOHHaM
nosiyyaet Bblpaxenue (363):

My = pQ(cy cos 6y Ry — ¢z €Os 02R),

rie ¢; U ¢z — aGCOMOTHEIE CKOPOCTH IpPU BXOZEe U BHIXOJ MOTOKa H3
pabouero koseca (puc. 174).

Ecnn o6o3HaunTth yepe3 N MOHIHOCTb, pasBHBAeMyIO TYpOHHOI,
yepe3 ® — YTJIOBYIO CKOPOCTb BpallleHHsi paGodyero koJieca, TO

N = M,o.
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U3 ocHoBHOro ypaBHeHHs TypOGUHBEI CJeLyeT, YTO BBITOJHO HMETb
2
[
o = 90°, Tak Kak IpH 3TOM KHHeTHYeCKas SHeprHs 2?, yHOCHMas
BOJIOH, MOJIyyaeT 3HAaueHHs, HaUMeHBILHe IIPU JAHHOM pacxoje U pas-
Mepax KoJieca. DT0 ycJoBHe obecleYuBaeTcsi NMPH KOHCTPYHPOBAHUH
TypOMH INpHAaHHeM JomacTaM paboyero KoJieca COOTBETCTBYIOLIETO
OYepTaHusl, a AJsl IIOBOPOTHO-JIONACTHHIX TYpOHH — ellle M BO3MOXK-
HOCTBIO YCTaHaBJIMBATh JIONACTH MOJ HauboJsiee GraronpuATHBIM YrI-
JoM K notoky. Torza
N = pQc; cos a; R0,
HJIM, y4uThIBas, 4T0 R;0 = u,,
N = chlul COs a]_.
MomHocTh MoTOKa MOXKeT ObiTh OnpefiesieHa 3aBHCHMOCTHIO
NO = PQHo»

rie H,— paGouuii Hanop, HCIOJb3yeMblii TypGHHOH.
OTHollleHVe MOILHOCTH, PasBHBaeMOH TYpOHMHOH, K MOLIHOCTH MO-
TOKa NpH Hamope M, paBHO K. M. 1. TYpOHHBHI:
N

170 ="
07
N =Ny = npgQH,.
CnepoBatesibHO, NIPH ONTHMAJbHOM pexXuMe paGoThl TYpOHHBI, KOrja
cosag =0,
MpgQH, = pQcyu, cosay,
OTKyJAa
Hy=28%% (444)
&
910 BhIpaXKeHHe HOCHT Ha3BaHHE OCHOBHONO ypaBHEHHSI THAPAaBJIH-
YyecKod TypGuHBL. Ilpu 3TOM MOLIHOCTB, pas3BuBaeMasi TypOHHOIH, cO-
raacHo (431) mMoxeT OBIThb BBIpazKeHa 3aBHCHMOCTBIO

pgQHy, pgQH Y,
N = — A =

Kak u B Teopuu meHTPOGeXHBIX HacocoB, AJA KJaCCH(pHUKALUU
H noa6opa rHApaBJHYECKHX TYpOHH HCNOJb3yeTcs IMOHATHE O KO3(-
¢unuente ObicTpoxonHocTH. Ilpm 3ToM 37ech KoadduuueHTOM GHICTPO-
XOZHOCTH Has3blBaeTCss YHCJIO OOOPOTOB TaKOH 3TaJOHHOH TI'HApaBJH-
yecKOH TypOHHEI, KOTOpasi NpH Hamope | m pasBHBaeT MOIIHOCTb
1 2. ¢. =0,736 kem. B § 71 OblI0 moNyyeHO BhHIpaXKeHHe A Ko3(-
¢dHIHenTa OBICTDOXOZHOCTH JONACTHBIX MamuH (412), xoTtopoe ciy-
XKUT I KJjaccHHKauHH M 1opbopa TypOHH:

n}/H 06/ mun.

HVH

Kem. (445)

ng =
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Ta6aumna 18

Kaaccnbukauus ruapasiudecKux TypGuH mo koadduuueHty GhHICTPOXOAHOCTH

ng O6mactb mpHu-
Tun Typbun MEHEeHHSs M0
oT | 1o Harnopam
KosuioBele . . . R e L 50 200—2000
PaauajbHO-OCEBBIE mxoxonﬂme B (Y] 150 120—300
PajanaJbHo-oceBhe cpenHeil GuicTpoxopHoctd . | 150 | 250 50—120
PajyaJbHO-0CeBble GbICTPOXOAHBE . . . . 250 | 400 20—50
TponeanepHsie W NOBOPOTHO-JIONACTHEIE THXO-
KOOHBIE . « « o & o o v v v o o e w 350 | 550 2940
I"IponeJmeprle n nosopomo JIonacTHLIe cpezx-
Hell GLICTPOXOAHOCTH . . . . .| 550 [ 750 12—22
IponeJstepHble H TOBOPOTHO- .nonacmbxe 6b1c1-
POXORHBIE « + « « + + ¢ o v o v o o o o o o s 750 | 950 5—12

Tak e Kak ¥ IpH paboTe JIONACTHHIX HACOCOB, SIBJEHHE KaBH-
Tauuu, HaGjofaemMoe npH paboTe THApaBJIHYECKMX TypOHMH, Hapyuia-
€T MX HOpPMaJsIbHBIH 3KCIVIyaTAalHOHHBIH peXHuM, MNOHHXKasd K. I. .
¥ paspyuiasi Jonactid pa6ouero koseca. Ilostomy BhICOTa BCachBaHUS
THAPABJIMYECKHX TYpOMH OrpaHHYMBAeTCss IpeJe/bHO-AOMyCTHMOM
BBICOTOl BCachIBaHUs, OIpejessieMOd mo dopmyJie

th. npex — 10 — s")%ﬁ —_— GH, (446)

rie A — OTMeTKa OcH TYpOHHBI Hal YpPOBHeM MOpf, M;
6 — K03(h(hHIHeHT KaBHUTALMHU, ONpefesisieMbll ONBITHHIM NYTeM.

Ilo KOHCTPYKTUBHBIM IIpH3HAKaM COBpeMeHHBIe I'HMpaBJMyecKue
TypOHHBL IeJSATCS Ha CJefylollle YeThlpe OCHOBHEIX THIA:

1) papuanbHO-oceBble TYpOMHBI, 2) nporneJuiepHble; 3) MOBOPOTHO-
Jionacrable; 4) KOBLIOBbIE CBOGOLHOCTpPYHHBIE,

PapyanpHo-oceBble, npomnesJiepHble U NOBOPOTHO-JIONACTHBIE TYp-
OMHBl OTHOCAITCSI K KaTeropUH peakTHBHBIX. KoOBUIOBHE CBOGOZHO-
CTpyliHble TYpOUHBI SIBJSIIOTCA TypOHHAMH aKTHBHEIMH.

Ha puc. 178 nokasanel TpH pa6ouux KoJjeca pajguajbHO-OCeBOI
TypOHHE. Bona B TypOMHEI JaHHOrO THIA IOCTyIaeT Ha JONACTH pa-
6ouero KoJseca HOpPMaJbHO K OCH TypOMHEI (IO pagMasbHOMY Hanpas-
JIEHHIO0), a BBIXOAHT M3 paboyero KoJseca HPHUMEPHO MapajieIbHO ero
ocu. BepxHnee Kojeco, M3006paxkeHHOe Ha puc. 178, cooTBeTCTByeET
BLICOKOHANOPHEIM Typ6uHaM (o 250—300 x), a HuKHee NpHMEHS-
eTcsl NpH MaJbiX Hanopax. MollHOCTh OCYIEeCTBJEHHBIX pafHalbHO-
oceBbIX TypGuH mnpesbimaer 100 ThiCSY KHJIOBATT.

Ha puc. 179 npexncraBneHsl paGoude KoJieca INpONesJIEpHBIX
(puc. 179a) n mosoporHO-JoONAcTHHIX (puc. 1796 u B) Typ6uH. Jlo-
TacTH pabo4yHX KoJleC 3THX TYpOMH VKpeNJsiorcd Ha NeHTPaJbHOH
BTyJKe. UHCJA0 JiomacTedl B 3aBHCHMOCTH OT KOHCTPYKLHHM TYpPOHHBI
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Kosie6JieTcss OT Tpex 10 BochMH. Bopma uepes paGoyee KoJieco Tpo-
XOIUT B OCEBOM HalpaBJIeHUH.

B nmponennepHeix Typ6HHAaX JonmacTH S8aKpemJeHbl HEMOJBHMKHO
Ha BTYyJIKe paGoyero Koseca, U pexuM HX paGOTHl 3aBHCHT TOJbBKO
OT OTKPBITHS JIONATOK HANPABJSIOLIErO annapara, Ipd IOMOMIH KOTO-
poro ¥ NpOHU3BOAMTCS pEryJHpOBaHHE TYPOHHBI.

Puc. 177

B mnoBopoTHO-NOMAacTHEIX TypOMHAxX Jomactd pabodyero KoJeca
aBTOMATHYECKH IOBOPAYMBAIOTCS C H3MEeHEHHeM OTKPHITHSI HampasJisi-
Iollero annapara.

KosioBble cBOGOTHOCTPYHHBIE TypOUHBI (pHc. 177) umelot paGoune
KoJieca, COCTOsIIME H3 JHCKAa C KOBIUAMH, VKPEIVIeHHBIMH IO €ro
nepudepHH, OT KOTOPHIX TypOMHA M NOJyYHJa CBOe Has3BaHMUe.
IMoxBox Boibl K paboueMy KoJiecy OCYILIECTBJIsIeTCs IMpPH INOMOIILH COIl-
Jia, Wrpaoliero poJib HaNpaBJIAIOLIEro amnmapara ¥ NpejcTaBJsiolle-
ro co6oi cxopsmuiicss Hacanok. B comse Bcsi Heprusi BOABI, MOJBe-
JIeHHOH K HeMy IO TpyOomnpoBOIy, 3a BLIYETOM IIOTepb Ipeobpasy-
eTcsl B KMHETHYeCKyl0. B 3aBHCHMOCTH OT KOHCTPYKUHMH M MOIIHO-
CTH TypGHH YHCJIO COMeJ MOXKeT HM3MEeHSIThCSI OT OJHOrO N0 YeThipex.
KoBiioBrle TypGHHBI NPHUMEHSIOTCS IIpH BBICOKMX Hamopax (ot 200
1o 2000 m); MOLIHOCTH OCYLIECTBJEHHBIX TypOHH TaKOro THIA JOCTH-
rator 50 ThHIC. K811,

B s3aBHCHMOCTH OT pacrosioxKeHHs paGoyero Bajia THAPaBJHYECKHe
TypGHHBI GOJIBILIONH MOIIHOCTH B GOJIBLIIMHCTBE CJy4aeB HMEIOT BepTH-
KaJIbHO pacrosioKeHHbH BaJ. BepTHKa/lbHOe pacnosioKeHHe THAPO-

286



arperara (TypOMHH M THApOTEHepaTOpa) NaeT CJEAyIOUHe MpeuMylle-

cTBa:
1) ymo6cTBO MOHTaXa M [eMOHTaXa arperata, a Takxke oGcay-

XUBaHUA €ro B nepHox 3KCIJIyaTauny; .
2) OTCYTCTBUE THAXKeJIbIX MOJIIUITHUKOB CJIOXKHOH KOHCTPYKIHH,

ylep:XHUBAIOIKX BaJ FOPH30HTAJIbHBIX TyPOHH;

Puc. 178 Puc. 179

3) ymOGCTBO pacro/iOXKeHHs: B MAWIHHHOM 3[aHHH THAPOSJIEKTPO-
CTAHIMH KaK C€aMOro arperaTta, Tak H CIHpajJbHOH KaMepsl (HOABO-
Isilleidl BoLy K TypOHHe) M oTcachiBawolleil TpyObl (OTBOAsALLEH BoOxY
OT TypGHHEI);

4) BOSMOXKHOCTb JIyYlIero KOHCTPYKTHBHOIO peIIEHHss B Cjydae
3arsy6Jiendst paGoyero KoJjeca IOX ypOBEHb BOIAbl B HHIKHEM Gbede.
[locsennee naeT BO3SMOXKHOCTb YBEJHUHTH YHCJIO OGOPOTOB TYPOHHEL,
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YTO TNO3BOJIUT YMEHBUIHTb pasMephl TYPOHHBI H OCOGEHHO pasMephl H
BeC THJIpOreHepaTopa.

[To xoaddunuenty GeicTpoXonHocTH (Taba. 18) Bce ruapasinyecKye
TYPOUHBI pasfe/sioTcs Ha THXOXOJAHbIE, CpelHeH GEICTPOXOLHOCTH H
GbicTpoxonnble. CTpyHHO-KOBLIOBEIE (aKTHBHEIE) TYPOUHEI OTHOCATCS
K THXOXONHBIM TYypOHMHAM H IPHMEHSIOTCS INpPH GOJBIIKX Hamopax
M MaJblX pacxonax, a peaKTHBHble TYpOMHBE! B GOJIBLUIMHCTBE C/yYaeB
SIBJIAIOTCA GBICTPOXOAHBIMH.

Puc. 180a

Ha puc. 180a usobpaxeHa cxema pajguajbHO-OCEBOH TYpOMHHI,
NoMelleHHOH BHYTPH CIHpajbHON KaMephl. PaGouee Kojeco TypOHH
paccmMaTpHBaeMOro THIIA COCTOMT M3 psja JomacTed H30THYyTOH ¢op-
Mbl, PAaBHOMEDHO paclpefieleHHBIX MO OKpYXKHoCTH. JlomacTu yKper-
JieHbl B ofonax. Uwucmo somacreil KojeGnercss B mpenenax ot 12 1o
20; nauboJee yacto mpuMmeHsiercs: 14—15 gonacrei. Ha puc. 180a
ob6osHaueHo: [ — orcachiBamomas Tpyb6a; 2 — pabouee Kojeco; I3 —
cnhpasbHas Kamepa; 4 — JiomaTKa HampaBJsiollero anmapara; & —
KPBIIKA TYpPOMHBI; 6 — YIVIOTHSIIOMMA CaNbHUK; 7 — BaJ TypOHHHI,
Ha KOTODOM OGHIYHO YKpeIJeH poTop reHepaTtopa. Bona uepes cnu-
panpHyl0 TYpOMHHYIO KaMepy NocTymaeT Ha pabodee KoJeco 2, mpo-
TeKass MeXJy JIONaTKaMM HanpasJisiiollero anmnapara 4, H, npofind
yepes palouyee KoJiecO TYpOHHBI, BbITeKaeT B OCEBOM HaNpaBJieHHH B
oTcaceiBaouyo Tpy6y I.

Hanpasasromuit annapar, cay:xamuii ana obecnedenus Oesynap-
HOro BXOJa BOALI HA JOmacTH pabouero KoJjeca U JJiA IOCTENEHHOrO
NJIaBHOTO yBeJH4YeHHs] CKOpOCTeH, COCTOMT M3 psja JIonaTox, obpa-
3YIOIMX O BHEIIHeMY NepHMeTpy paboyero Kojieca CHCTeMY IIaBHO
H30THYTHIX KaHasloB. Kpome Toro, Hampas/gloOmMi amnmapaTr HCHOJb-
syercs JJif peryJHpoBaHHs pacxoja BOAE B TypOHHE IyTeM II0BOPO-
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Ta JIONATOK Ha 3aJaHHBI OJXMHAKOBHIH yrosa. BosblIMHCTBO cOBpeMeH-
HBIX pajUaJbHO OCEBbIX, MPONEJJIEPHBIX M IOBOPOTHO-JIONACTHBIX
TypOHH MMeeT ClHpaJbHEle Kamephl. CnHpajibHble TypOHHHBIE KaMephl
JleJIAI0TCsE M3 MeTajia WM xenesoberoHa. Ha puc. 1806 mokasana
MeTaJIMYecKasi CIHpaJsbHas Kamepa.

IponesnepHble ¥ MOBOPOTHO-JIONACTHBIE TYPOHHEI, OTHOCSI(HECS
TaKXe K pPEaKTHBHbIM, HMEIOT C PpajHajbHO- OCEBLIMH OJHHAKOBYIO
CXeMy H OTJMYAlOTCS B OCHOBHOM
KOHCTpPYKIHel pa6oyero  KxoJjeca. & g
Cxema MOBOPOTHO-JIONACTHOH  TYD- / 4 ‘ y iy
6unbl mpencraBieHa Ha puc. 181, _:Jr‘ ”/ |

I\ i

7,
rae / — noBoporHasi Jonactb pa6o- ; \y 2
yero Koseca; 2 — otcacwBaiowas /2775 Yup il 1|

S (i
f §\‘-// \

1P

Puc. 180 6 Puc. 181

tpy6a; 3— BTyJKa pabodero KoJieca, B KOTOPOH yKpeIJIeHB! JIOMACTH;
4 — moBOpOTHAs JIONATKa HaNpaBJISIOLIEro ammnapara; 5 — och Jonar-
KH; 6 — BaJq TYpOMHHL

Kak yxaseiBasiock Bbllle, B IIOBOPOTHO- JIONACTHBIX TypGHHAX JIO-
nactu paGouero KoJjeca aBTOMaTHUECKH NOBOPAauYUBAIOTCS C HU3MEHEHH-
€M OTKDBITHA Hampasjsiomero anmnapata. IlostoMy npu pasauuHoit
MOILLHOCTH, OTAaBaeMol paGoYHM KOJIECOM, M3MeHssl OTKpHITHE Jiona-
TOK HampasJIIOLIero anmnapara M yrojd YCTaHOBKH Jionacteil, MOXKHO
HaHTH TaKoe IOJIOXKEHHe INOCTefHHX, IPH KOTOPOM K. H. J. TYpPGHHEI
6yzeT ¥MeTb HauOoJblllee 3HaueHHe. B COBpeMeHHBIX KOHCTPYKIHAX
NIOBOPOTHO-JIONACTHEIX TYpOHH YCTAaHOBKA JomacTed pabouero KoJieca
Ha Haubosee BBLIFOXHBIH YroJl NPOM3BOAMTCS AaBTOMATHYECKH OJHO-
BPEMEHHO C M3MEHeHHeM OTKDHITHS HaNpaBJsIOLlero ammnapara TypGH-
Hbl. BJaaromapsi sToMy TypOHHBEI Takoro Thma paGoTalT ¢ ONTHMAJlb-
HBIMH K. T. 1. [OpH 3HAUHTEJbHOM H3MEHEHHH HAarpyskd TypGHHEL,
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YTO VIMEET WCKNHYMTENbHO OOMbLUOE 3HAaYeHWe 419 TMAP03NeKTPOCTaH-
UM, Tak Kak Harpyska 9C, kak npasuio, nepeMeHHa.

Ha puc. 177 npefctaBieH CXeMaTUYECKMIA NonepeyHblil pa3pes KoB-
LLIOBOW TYpOUHbI C FOPU30HTA/IbHBIM BasioM, rae 0603HayeHo: 1 — Tpybo-
NpoBog, NOABOAAWMIA BOLY K TypbuHe; 2 —COMno C Wroi; 3 —mexa-
HU3M, NepeasuraloWnii urny; 4 — pyyHoe yrnpaeneHue wrnoii; 5 —pa-
6ouee Koneco TypOuHbI C KOBLUAMU; 6 — KOXYX; 7 — OTpaXkaTe/Nlb BOAbl;

8 —cCTaHMHa; 9 — OTBOAALIMIA  KaHan.
BHyTpy conna nomelleHa urna, KoTtopas
nepemMelLaeTcs BLONb €ro ocu. Mpu 3ToM
nrna M3MeHsieT NNoWadb BbIXOAHOMO ce-
YeHWUs conia; TemM CaMbIM W3MEHSETCA U
pacxof, u4epe3 conno. Takum 06pasom
OCYLLLeCTB/ISIETCA PErynMpoBaHne MOLLHO-
CTW KOBLUOBbIX TypbuH. B KpaiiHem Bbig-
BUHYTOM MOMIOKEHUM  Urfa MOAHOCTLIO
3aKpblBaeT BbIXOAHOE CeYeHWe Cconna,
BCNeACTBUE Yero TypbuHa oOCTaHaB/MBa-
eTcs.
KOBLUIM VMelOT MocpeauHe HOX, fens-
WWIA CTPYIO Ha [ABE 4acTu, Kaxpgas w3
KOTOPbIX ABVXXETCH MO OJHOA W3 MOMOBUH
KOBLIA K €ro KpOMKe, rae BOAa CXOauT
C HUX C O4YeHb Ma/loii CKOpOCTbHO. Ha
KOBLUAX MPOUCXOAWUT npeobpa3oBaHue Ku-
HETUYECKOW  3HEeprMm  rnapaBfNyecKol
Puc. 182 CTPYM B MEXAHWYECKYIH 3HEpPruio Bpalle-
HUA paboyero Koneca (CM. rnaBy AeBs-
Tyt0).KOBLIM,  paBHOMEPHO pacrnpefeneHHble M0 Hapy>XHOW OKpy-
XXHOCTU [AMCKa, MpYU  BpalLeHUM paboyero KonecanpuHMMaroT CTpYH
nocnefoBaTeslbHO OAWH 3a APYruM.

Ha puc. 182 npueegeHa oTorpadmsi paboyero Koneca KOBLUOBOIA
TYPOVHBI.

Ha puc. 183a gaH paspe3 paamanbHO-0CEBOW TypbOUHbI B CBapHOI
cnupann MuHrevaypckoii '3C, rge 1—noasoa Bo3gyxa; 2 — moja-
ya BOAbl K HanpaBAswlolemy MOALWMWMHWKY; 3 —K/anaH CpbiBa BaKy-
yMa;, 4 — [ApeHaXHbIA Hacoc; 5 — MarHMTHOe CTpyiHOe pene; 6 —
DKEKTOP; 7 — CONEHOMAHBIA KnanaH; 5 —wusonauns; 9 —TepMomeTp
COMNPOTMBIEHNS.

OnucaHHas Bbllle TypbuHa MuHreyaypckoit F9C MMeeT BXOAHOIM
AvameTp paboyero koneca Dx= 4100 mm, Hamop H = 520 X, pac-
xoq Q= 136 m3cek, mowHoctb N =61500 keT, umncno 060poOTOB
n= 125 06!MuH.

PagnanbHo-oceBble TypOWHbI 00M1a4al0T BbICOKMMW K. M. A., AO-
cTuralowymm ans 6onblunx TypéuH 0,92.

Ha puc. 1836 nokasaH pa3pe3 MOBOPOTHO-M0MACTHOW TYPOWHBbI
6onblIoin MolHocTn anst Bomkekoin F3C mm. B. W. JleHnHa.
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Typ6una pacrnonaraercsi B GETOHHOH CHHpasH, HMEET BXORHOH
Anametp paGouero koseca D, = 9300 mm, manop H = 19 m, pacxon
Q = 675 m®/cex, momHocTs N = 108500 x6m, uucao 06OPOTOB 7 =
= 68,2 00/mun.

O6nactb npHUMeHeHHsl IOBOPOTHO-JONACTHHIX TypOHH MOKa Orpa-
HHYeHa MaKCHMaJbHbIMH HanopamH — 25 — 30 m, HO BBICOKHE K. II. 1.
3THX TypOMH TNIPH IIMPOKOM JHala3OoHe peXHMOB (MaKCHMaJbHBIH
K. m. 1. pocturaer 0,937) u psajg APYrHX NOJIOXKHUTEJIbHBIX KauyecTB
TNIO3BOJISIIOT CTABUTh BONPOC O NPHMEHEHHH NMOBOPOTHO-JOMACTHEIX TYp-
OuH 1as GOJBIIMX HamopOB.

B CCCP paspa6orana HopMma/ibHAasi HOMEHKJaTypa THApaBJiye-
CKMX TypOHMH Jnsi HamopoB or 3,0 mo 300 » u jjss MoIIHOCTEH, JO-
cruraomux 150 Teic. k8m u GoJee.

I'mppaBanueckuii Tapan

B Tpy6onposopax o6blyHO MPHXOAHTCS GOPOTHCSI € MOCJEACTBUAMHU
THAPABJIMYECKOro yAapa. B runpasinuecKHX TapaHax Takoil yJap Hc-
KyCCTBEHHO CO3flaeTcsi, YToOBl I10JIe3HO HCIOJIb30BAaTh 3HAUMTENbHOE
NOBLIIEHHE JAdBJIEHHsI, BO3HHKaollee NpPH yAape.

Puc. 184a

Ha puc. 184a wusobpaxeHa cxema yCTAHOBKH THAPABJIHYECKOIO
TapaHa, rae / — nuTaTeJbHBIH pesepByap; 2 — NPOBOAAWIMI TPy6O-
npoBojl; 3 — HarHeTaTeJbHBIA KJjanaH; 4 — yAapHblil Kjanas; 5 — oT-
BOsIIEE PYCJ0; 6 — BO3NYUIHBIH KOJNAK; 7 — HaNOPHBIA TpyGompo-
BOJl; § — NpHEMHBIH pe3epByap.

B HepaGoueM COCTOSIHMHM TapaH HaXOIMTCs IIOJ[ HAalopoM CO CTo-
pOHBEI NHTaTeNbHOTO pe3epByapa [, yHapHBIA KjanaH 4 3akphiT I0J
IeficTBHEM TIHAPOCTATHYECKOTO JaBJjeHHs. HaruerartenbHbli KJanaH
3 TakkKe 3aKpHT MOJ, AeHCTBHEM COOCTBEHHOTO Beca.
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Ecan oTkphiTh yHapHbIA KjanaH 4 ¥ NpHAEpPXKHBaThb €ro, TO BO-
Za 1noj HamopoM OyleT BBIJIMBATBCA WS TapaHa U IOCTyHNaTh B
otBoisimiee pycsao . B nmocnepyromu#i MoMeHT KJjanaH ObICTPO 3a-
Kpoercsi 1O BO3JeHCTBHEM JaBJjeHHs BOIBl H NPOU3OHIET THApaB-
Juueckuir ymap. JlaBsieHue B
HHXKHeH YacTH TapaHa yBe/H-
YHTCSl, HarHETaTeJbHbI KJa-
naH 3 OTKpoeTcs, U BoAa IO-
CTYIHT B BO3IAYUIHHIA KOJ-
nak 6, cxumasi HaXoAsmuics
B HeM Bo3ayx. [lox nmeficTBu-
€M CXKaTOoro BO31yXa Boaa H3
BO3AYIIHOTO KJiallaHa HOCTY-
NUT B HanopHeld Tpy6ompo-
BOJ 7 C BBICOKMM [aBJIeHHEM
THAPABJIHYECKOrO YAapa.

Hanee paBieHue B o6sacTu
yAapHOro KJanaHa NoHHKaeTcs
(o6paTHas ynapHas —BOJIHA).,
YnapHeH! knanaH 4 nop Jei-
CTBHEM COGCTBEHHOrO Beca OT-
KpbIBaeTcsi, a HalOpHBIA KJa-
naH 3 sakpeiBaercs. Boaa cHo"
Ba HayHeT BBIIMBATbCA Yepes

U

NI IS TET ST DI I XS EIN 2 0 & 0 7 4

. N4
A
W 4

Puc. 1846 yIapHBIH KaamaH 4, W omucaH-
HBIl LMKJ IOBTOPHTCS CHa-
yaJja.

Ha punc. 184a npunATH crienywooilue o603HaueHHUs:
H — Hanop, mox KoTopeM paboTaer TapaH;
h — BBICOTA HAarHETaHHsi, C yYETOM NOTEPb SHEPTHH B Ha-
rHeTaTesNlbHOM TpyGonpoBofe 7;
g — npousBoguTeNbHOCTh (pacxon) TapaHa, m3/cex;
Q, — pacxon BOAbI, MPOXOASIIMH 4epes yAapHbIH KjanaH 4
U TIOCTYNAaIOlIKE B OTBOAsIee PYyCao &, m3/cek;
Q = Q, + g — pacxon ucrounuka, m3/cex;
N — K. . 1. THAPABJINYeCKOro TapaHa.

ITycte B Tapan mocrynaer pacxop xumkocth Q m®/cex non Ha-
nopoM H. Momuocts motoka @QH wcnosnb3yeTcsl B TApaHe HA MOLBLEM
XKHIKOCTH B KoJinuecTBe ¢ m%/cex Ha Beicoty A. IIpH 3TOM ypaBHe-
Hye GajiaHca MOLIHOCTH THIpOTapaHa GyleTr HMeTb BUIL

ﬂQH = qh»
HJIU

.

H
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BricoTy Harseranusi s oGbYHO npuUHHMaiOT B mpefenax 5-- 10H
npu sHaseHusx namopa 1,0—10,0 m. CoenoBaTtesbHO, B TpakTHYe-
CKHX YCJIOBHAX HauOOJbIllasi BHICOTA HArHETAHHSl COCTABJSeT BeJH-
ynHy nopsaika i = 100,0 u. Koagpdunuenr nosnesHoro nedcTeus IH-

h
ApaBJHYECKOIo TapaHa 3aBUCHT OT OTHOLUEHHS N2 H 3akJydaeTcd B

npepesnax ot

h ~ . h ~
n=0,85 (ﬁ ~ 2) 10 7 = 0,45-+0,4 (7 ~ 10).

h
B saBucuMocTH OT pasMepoB TapaHOB M COOTHOLIEHHS  HX MPO-
H3BOJHTEJNbHOCTE Kogebiercs ot ¢ = 0,07Q mo ¢ = 0,40Q (npn Ma-

H

Hama npoMblllJIeHHOCTb BBINYCKAaeT THApaBJHYecKHe TapaHel TH-
na I'T-1 nmpousBozutenbHoCcTBIO 5,7--22 4/mur (puc. 184 6) ¢ BriCO-
Toi HarHeraHus 20--60 u W JuameTpaMHM HarHeTaTeJbHOro TpyGo-
nposona 50--100 mm.

IlponyckHasi cIOCOGHOCTb HANOPHEIX TPYGONPOBOAOB HAXOMHTCH
B npenenax 77--242 a/mum, x.1u.n. or m =0,60 no 4 =0,74 mnpu
6eictpoxonHoctd 30--120 ynapoB B MHHYTY.

I'mapaBnnyeckuil TapaH cpefHeH NPOM3BOAUTEJLHOCTH MOXKeET obe-
CIIeYHTh XO35ICTBEHHOE M NHTbeBOe BOJOCHAGXKeHHe IocesKa C Ha-
cesqenueM B 300400 yesoBex.

I'napaBsnueckye TapaHbl MOTYT C YCNeXOM YCTAHABJHBATLCS NPH
HeGOJIBIINX BONOXPAHHJIMINAX, M3 KOTODHIX JeJalTcsd HeoOXOIHMble
CaHHTapHBIE NPONYCKH BOIBl BHH3 II0 BOJOTOKY, a TakKxke Ha He-
GOJIbIIMX peuyKax U pyubsiX, IJie YCTAaHOBKA THAPABJIMYECKHX TYpPOHH
HEe3KOHOMHYHa.

h
JIbIX OTHOLIEHHUAX -—F ) .



PABOEJ II
FTMAPOAMHAMUYECKHWE NEPELAAYN
I 2asa wemoipradyamas
OBLIUE CBEJAEHHSI O THAPOAUHAMHUYECKHUX MNMEPEIAYAX

§ 79. HASBHAYEHHE H NPHHLHKI PABOTbl THAPOAUHAMHYECKHX
NEPEJAY

B mamunax BechbMa 4acTo HeOGXOZMMO IepeflaBaTh MeXaHHYeCKYIO
SHeprui0 MeXAY BaJjlaMH, BpAIlAlOIIUMHCS C Pa3/jHYHBEIMH M IlepeMeH-
HBIMH B Ipolecce paGoTHl YIJIOBHIMH CKOpOCTsIMH. Takas 3ajada Mo-
xXeT ObITb pellleHa NpPH INOMOINM THIPONMHAMHYECKOH mepejauH, TIie
HeT HeNOCPeACTBEHHOrO KOHTaKTa MeXKAY BeAyIIMM H BelOMBIM 3Be-
HOM, a JIBHXKeHHe TIiepelaercsl yepe3 INpOMeXYyTOUHYI0 cpeny. Ilpo-
MEXYTOUHOH CpelloH CJYKHT KamesbHas XHIKOCTb.

I'unponvHaMuyeckass mnepeiada MpeicTaBiseT CoGOH MeXaHH3M,
COCTaBJICHHBIH W3 MpeleJbHO COMHKEHHBIX B OJHOM Koplyce IBYX
JIONacTHHIX MAalIHH (LEeHTPOGEKHOrO Hacoca M JIOMAcTHOH TYpOUHEL),
CBfI3b MeXAY KOTODBIMH OCYIIECTBJsIETCS 3aMKHYTHIM TIOTOKOM XKHI-
KoctH. Ilpocrefiieil ruppoauHamMuueckoi nepenavell siBjaseTcs THAPO-
Mydra, cayxamas Jus 3JacTHYHOrO CoelHHeHHsl BasoB (puc. 185 a,
185 6). B rugpomydre HacocHoe KoJieco / 3aKpemJieHO Ha BaJly JABHra-
Tesid, a TYpOHHHOE KoJieco 2 — Ha BefoMOM Bajy. PaGouasi 1moJiocTbh
ruapoMydThl 06pasoBaHa KOpPIYCOM & M 3amoJIHSeTCs KHAKOCTBIO.
Ilpu mycke H B IepHOA YCTAHOBHBLIEroCsi pexkuMa paGOThl HACOCHOE
U TypOHHHOE KOJIeCO BpALIAIOTCsl C PAa3/IHYHBIMH YIJIOBLIMH CKODO-
cramMu. I3-3a oTCyTCTBHS HemOCpeACTBEHHOH CBSI3M MeXAy BaJiaMH
YHCJI0 060pPOTOB BeJOMOro (TypGMHHOrO) Basia BCeTZa MeHbIIE YHC/a
000pOTOB BeAyllero (HacocHOro) Baja.

BenenctBue yxkasaHHOH pasHOCTH YIJIOBBIX CKOPOCTEH Ha YacTHIIbI
JKUJKOCTH, HaXojdllyecs Ha OAMHAKOBOM PACCTOSHHH OT OCH BaJoB,
HO B pasJHMYHBIX KoJiecax, NEHCTBYIOT pa3Hble LEHTPOOeXHbIe CHJIBI,
BhI3BIBAIOIME IIOSIBJIEHHE Ilepenaja JaBjeHUs MexXAy JIONaCTHBIMH
Kosecamu. [laByeHne, pasBUBaeMoe HAcOCHBIM KOJiecoM, GoJblie Co-
OTBETCTBYIOIIETO JaBJjieHUs B TYpOUHHOM KoJece. [lox neficTBuem pas-
HOCTH [aBJIeHMH BO36yxkKJaeTcsi KPYroBoe JBHKEHHe XHIKOCTH B
NJIOCKOCTH OCEBOT'O CeUeHHs TUIPOMY(THl OT HACOCHOro KoJjieca K
TypOHHHOMY (HampaBJieHHe [IBHKEeHHs IoKasaHo Ha puc. 185a). Ilpu
BpallleHHH HAaCOCHOe KoJieco COoOo0IlaeT SHEPTHI0 IOTOKY KHIKOCTH.

296



Puc. 185a

Puc. 1856
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C nonyyeHHbIM 3aMacoM 3HEPTMKU XKMAKOCTb MOCTynaeT B TypOUHHOE
koneco. OTAaB 3Heprvio TypbuHe, paboyas >KUAKOCTb BO3BpaLLaeTcs
B HacocHoe Koneco. [losiBNeHMe TaKOro 3aMKHYTOrO [ABVXKEHUS >KWA-
KOCTM MeXay HacOCHbIM 1 TypOUHHBIM KOMecoM 06ecneumBaeT nepeaavy
KPYTALWEro MOMEHTA C BefyLIero Ha BEAOMbIA Bas, TaK KaK CO3/aH-
Hblli HACOCOM MOTOK XXWUAKOCTU YB/IEKAaeT TYpPOMHHOE KOMEeco B Ty Xe
CTOPOHY C O/VHAKOBbLIM MOMEHTOM.

Ha puc. 186a nokasaHa cxema MPOCTENLLEro ruapoTpaHchopma-
TOpa, KOTOpbIA MpUMeHseTCa AN Mepedadn M npeobpasoBaHus Me-

Puc. 1866

XaHWYECKOW 3HEepruyM Mexgy [BYMS COOCHbIMM Banamu. B rugpo-
TpaHC(opmMaTope HacoCHOe Koneco 1, MpuMBOLUMOE B ABWXKEHWE [BU-
ratenem, HanpaensieT pabouyrd >KUAKOCTb B TypOuHYy 2, BpaLjato-
LYHCA CO 3HAYMTENbHO MeHbLUEel Yr/I0BOM CKOpocTblo. OTAaB 3Hep-
Mo TypouHe, >KUAKOCTb Yepe3 HemoABVDKHbIV NONaTouHblli peakTop 3
BO3BpaLlaeTca B Hacoc. HemogswkHbie SIOMaTKM peakTopa W3MEeHSsIoT
MOMEHT KO/MIMYEeCTBa [BWKEHUS >XUAKOCTM MexXAy HacocoM u Typbu-
HOIA, BbI3bIBAs COOTBETCTBYHOLLEE M3MEHEHME Yr0BO/ CKOpPOCTU W Bpa-
LLAtoLLEr0o MOMEHTa TYpOUHBbI.

Bnarogaps HaMuMi peakTopa B paboueli NOAOCTM TMAPOTPaHC-
(hopmaTopa yrnoeas CKOPOCTb TypOWHbI WM3MEHSETCA B 3aBWUCUMOCTU
OT BE/MYMHbI HArpy304yHOro MOMEHTa Ha ee Baly. TakuMm 06pasom,
CO3[aHHbIAi HAacoCOM MOTOK XXMAKOCTW B ruapoTpaHcgopmartope, npo-
X04A MOCMefoBaTeNbHO IoNaTkM TYpOWHBI W peakTopa, YBeKaeT Typ-
OGUHY B CTOpPOHY BpalleHMs Hacoca C MEPeMEHHbIM KPYTALWUM  MO-
MEHTOM TMpW  WHOM COOTHOLUEHWW YIMIOBbIX CKOPOCTeli Befyllero u
BEZOMOro Bana.

B kauecTBe pabouyeil XMAKOCTUM B ruapomydrax WM rumgpoTpaHc-
thopmaTopax MNPUMEHAIOT He(hTAHblE Macia M UX CMecu, obnajaroLyme
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aHTUKODPO3HHAHBIMH CBOHCTBAMH, XOpoUleH cMasblBawollell crnocob-
HOCTBIO W HeGOJbIIOH Bs3KOCThIO. HanGoJsblilee npHMeHeHME HaNLIN
JIETKHe WHIYyCTpHa/JbHble MacJja, BepeTeHHoe Macao AY, TypOumHoe
JI v nusenbHOe TOMIMBO.

JlonacTHele KoJieca TMApPOAHHAMMYECKO! Ilepelaud BpaLAlOTCs C
GOJIbLIOH YTJIOBOH CKOPOCTBIO M OOYCJ/IOBJIMBAIOT BBEICOKYIO CKOpOCTb
ABIDKeHHs1 pabouelt XKHAKOCTH. IIpH BBICOKOH CKOpPOCTH KHUIKOCTH
H3-32 OOJIBIIMX MOTEPhb HeleJecoo6pasHo nepelaBaTbh JHEPTHIO JaxkKe
Ha HeGoJbILIHe paccTosiHus. I103TOMY /1 moJiyyeHHs] BBICOKOTO K. II. 1.
B THApOMydTax H THApoTpaHcdopMmaTopax JONACTHble KoJjeca Ipe-
NeJbHO COMMKAKOTCA, YCTAHABJHMBAIOTCS HENOCPeICTBEHHO Ipyr 3a
APYyTroM NO KPYry B 3aMKHYTOM KOJIbLIEBOM IIOTOKE KHIKOCTH.

B pesyJabrare cOIMKEHHsl JIOMACTHBIX KoJiec ofpasyercsi obmias
IJis Hacoca W TypOMHBI NPOTOYHAs IOJIOCTb THJpONEpeladd, B KO-
TOPOH HeT 3HAYMTeJbHOTO INpeoOpa3oBaHHsI KHHETHUECKOH 3Hepruu
NOTOKAa B MOTEHIHAJbHYIO SHEpruio AaBJeHHs H 0OpaTHOro npeofpa-
30BaHHs MOTEHIHAJbHOH SHEPrHM B KHHETHUYECKYIO, KaK 3TO HMEeT
MecTO B OOGBIYHBIX Hacocax M TypOHHAX.

Hanuune kuHeTHYecKOH CBfI3M MexKIy JIONMACTHBIMH KOJIeCaMy IH-
JIpoJHHaMHYecKOH Nepejgaun obecrneuynBaeT 6eCCTYINEeHYATOCTb H3MeHe-
HHUSl YIVIOBOH CKOpPOCTH BEJOMOrO Baja B 3aBHCHMOCTH OT Harpysku
Ha BEJIOMOM BajJy. D10 CBOHCTBO M paj IPYTHX LEHHBIX KayecTB
(aBTOMaTHYHOCTB, GHICTPOXOIZHOCTH, IJIABHOCTh paboTHl M Jp.) obec-
NeyuJid NpHMeHeHMe THAPOAMHAMHMYeCKHX Nepefad B TeXHHKE.

I'uppomydTel ¥ ruaporpaschopMaTOphl HCNOJbL3YIOTCS B TEIJIOBO-
3ax, aBTOMOOHUJISIX, IPHBOJAX MOILHBIX BeHTUJISITOPOB H HACOCOB, B CYHO-
BbIX U OypOBBIX YCTAHOBKAaX, B 3eMJIEDOHHBIX H JOPOXKHBIX MallMHaX.

§ 80. OCHOBHBIE YPABHEHHUSA F'HAPOAUHAMHYECKHX NEPEAAY

YpaBHeHUe IBHKEeHHS XKHIKOCTH B THIPOIMHAMMYECKOH Mepejade
OPUHIUIHAJLHO HE OTJHMYAeTCsl OT OCHOBHBIX ypaBHEHMH JIOMACTHBIX
mamnH (cM. § 59). B Hacoce rupponepenadd MOMEHT KOJHUYECTBA
JBUIKEHHs] JKHAKOCTH YEEJHUMBAETCS H IO9TOMY KPYTAMMI MOMEHT
HA BaJly HACOCHOTO KoJjeca Ompefelsiercs No ypaBHeHuo (362). B
TypOUHe MOMEHT KOJIM4ecTBa MABHXKEHHS KHAKOCTH, IpOTeKaroliel
yepe3 KOJIECO, YMEHbIIAeTcsi, OOYCJIOBJMBAas NOSABJIEHHE Bpallaloilero
MOMEeHTa TYpOHHBI, BeJHYHHA KOTOPOIO ONpefeisieTcs N0 ypPaBHEeHHIO
(363). Ilpu orcyTcTBUH TpeHUsl XKHUAKOCTH U Iepejadd SHePTHUH ypas-
HeHus (362) u (363) nmpuHMUMAOT BUA:

€14 €08 03 R = ¢y cOs 0 Ry = ¢, R, (447)
TaK Kak [OpU OTCYTCTBUU Nepejauu sHeprun My, =0, a mnpoekuusa
€ COS o = Cy.

[lockonbky B 3asopax MexJy JIONAcTHBIMH KOJieCaMH THADOJHU-
HAMHMYECKOH Tepeayd H3MeHeHHe MOMeHTa KOJHYeCTBa JIBHIKEHHS HE
NPOUCXOMNHUT, TO B MeKKOJIECHOM IPOCTPAHCTBE 3aKOH [BMIKEHHS XKHJ-
KocTH G/H30K K 3aKOHY ¢, R = const.
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Bo Bpamaromuxcsi JIOMacTHHIX KojlecaX MeXaHHUYecKasi 3Heprus
HUIKOCTH HM3MEHSIeTCSl 32 CUeT M3MEHEHHS] MOMEHTa KOJiMyecTBa JIBH-
eHUs] M YIJIOBOM CKODOCTH BpAIAIOIIMXCS KOJNEC, a B HEMOABUK-
HOM HaNpaBJISIOIEM annapaTe M3MeHSIETCS TOJBbKO MOMEHT KOJHye-
crtBa jnBuxeHus (puc. 186a).

Ilycts MoMmeHT Ha Baay Hacoca M; paBeH

M; = 59Q (c2Dz — c1uDy),

MOMEHT Ha Bany TypOHHBI

1
M; = -3 PQ (c4uD4 —CSuDg)»

MOMEHT peakTopa

1
[‘43 = — 5 pQ (CﬁuDﬁ - CSuDs)v
e Q — pacxox pa6ouell KHIKOCTH B TIH-
JIpomnepenaue;
Ciy = €1 CO8 0y, Cg, = C2 COS O3,

C3y = C3COS &g, C4y = Cyg COS a4,
Csu = C5 COS 5, Cey = Cg COS Gy — MPOCKIIMH a6COMOTHBIX CKOPOCTEH Ha
HanpasJ/IeHHe OKDYMXHOH CKOpOCTH B
COOTBETCTBYVIOIIUX CEYeHHUX;
D,, Ds,...,D¢ — nuameTpel COOTBETCTBYIOIMX KOJb-
LIEBBIX CEYEHMH JIOMACTHBEIX KOJeC
1O cpefHell JIMHHU.
Eciau cocTaBuTh ajre0panieckyld CyYMMy MOMEHTOB JIONACTHHIX
KoJlec, TOJYYHM:

M,y + Ms + My = 26Q (c2:Ds — c1Dy + €s.Ds — 3Dy + coDy —

— csuDs), (448)

rae ¢1,Dq = ceuDg, €2uDas = ¢3,D3, ¢4uDy =c5,D; Ha ocHOBe COOT-
HouleHus (447) I/ MeXKOJIECHBIX 3a30pOB; BeJHUMHa MoMeHTa M,
MOJICTABJIEHA CO 3HAKOM ILIIOC (COOTBETCTBYET MOJABOLY 9SHEPTHH B
Hacoce), a My u My — co 3HaKOM MHHYC (peakTHBHBIH MOMEHT H
MOMEHT, COOTBETCTBYIOIUMH OTBOLY 3HEpPruH B TYpOUHe).

Taxum 06pasoM, COOTHOLIEHHe MOMEHTOB Ha JIIOOOM peKHMe pa-
6oThl THAPOAMHAMHUYECKOH Nepenaud onpefesisieTcss pPaBeHCTBOM

My + M, +M; =0, (449)
T. €. a12ebpaudecKas CYmma MOMEHMO8 6CeX AONACIHbIX KOAeC 2udpo-
OuHamu4eckoll nepedadu pasHa HYMo.

Ilpu ycranoBuBLIeMcsi pa6oyeM pexkHMe HacoC FHIPORHHAMUYECKOMH
nepefayd HeNpephlBHO COOOMIaeT MNOTOKY pa6ouyell KUAKOCTH 3amac
motHoctd N,. Dosbiias gactb 310fl MOmHOCTH Ny MOJIE3HO HCIOJb-
3yercsi B TypOMHe M IepefaeTcs Ha BeJOMbIH BaJl. UacTb MOILHOCTH
Ny = N; — N, nofiier Ha NpeofioieHHe CONPOTUBJIEHUH, BO3HHKAIO-
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IHX TPH IBHKEHHH XHIKOCTH B TOJIOCTH rupponepenaud. Cienopa-
TeJIbHO, JJIs JII0OOTO YCTAaHOBMBLIErOCSl pexuMa paGoThl NpH  Hemo-
IBHXKHOM peakTope ypaBHeHHe GaJjlaHCa SHeplHH (MOLIHOCTH) MOMKET
GBITh 3aMHCaHO B BHJIE

N, =Ny + Ny, (450)
roe N, = pgﬁ)gl — MOIIHOCTb, TOJBOJUMAas HACOCOM K TOTOKY XKHI-
KOCTH, K6Mm;
N; = pRQH, — MOILHOCTb, OTBOAMMAsS OT NOTOKAa TYpPOGHHOH.

102
[pene6perasi MOTepsIMH OT yTeUeK Yepe3 HEMJOTHOCTH MEeXAY Jo-
MacTHBIMH KOJIECAMH H TOJCTaBHMB 3HaUeHHs] MOLIHOCTEH B PaBeHCTBO

(450), mosryunum
pgQH, = pgQH: + pgQhw. (451)

PasnenuB JieBylo M mnpaBylo uacTd ypaBHeHHsi (4561) Ha pgQ,
HanjeM

Hy = Hy -+ hy, (452)

T. €. Pa3HoCmb HANOPO8 HACOCA U mypOuel pacxodyemcs HA npeodo-
neHue 2udpagaudecKux ConpomueaeHull 8 npomouroll wacmu 2udpodu-
Hamuueckoll nepedadu.

[lpu mnepemaue MeXaHMYeCKOH 3HeprHH uepe3 IMOTOK IKHMAKOCTH
yacTh YHIeJbHOH 3Hepruu A, paccenBaercsi B paGoueil NOJIOCTH THAPO-
nepenayd, nepexofiss B Temso. PaccenBaHMe 3Heprud — OCHOBHOH He-
IOCTAaTOK THIAPOAMHAMHUYecKHX mepenad. OnHaKO NOTepH SHEPrHH B
COBpeMeHHBIX THAPOJAMHAMHYECKHMX IepelayaX CHHKEHBl HacTOJbKO,
410 KO3((dHIMEHT NMOJIE3HOrO JeHCTBHsI THApoMy¢pT nocruraer 96%,
a rugporpancgopmatopoB — 90%. B cnenuasbHbIX KOMIJIEKCHBIX T'H-
JIpOMEXaHHUECKHX TPAHCMHUCCHSIX, COCTABJEHHBIX H3 THAPOTpaHC-
¢dopmatopa M mniaHerapHoro auddepennyasa, obWHUH K. . L. JLOCTH-
raer 95%.

I rasa nammuadyamasn
THAPOMY ®Tbl

§ 81. PABOUYHA MPOLLECC THAPOMY®ThbI
F'uppomydTa nepejaer KpyTAIIMH MOMEHT C BELYLIEr0 Ha BeJOMBIH
BaJ Ge3 HSMeHeHHs, TaK Kak Kopmyc, o6pasyioulHuil NpOTOYHYIO o-
JIOCTh, CBOGOIHO BpallaeTcss BMecTe C HACOCHBIM KOJIECOM.
Ins rugpomydt ypaBHeHHe MoMmeHTOB (449) mpuoGperaer BHI:

M, + M, =0. (453)
Kak 6blIo0 yKasaHO, Nepefaya SHePrHH B THAPOMY(dTe IPOHCXOIUT

NpH pasJHYHOH YIJIOBOH CKODOCTH HACOCHOTO M TYpOHHHOrO KoJjeca.
ITpu sTOM 4HCJIO OGOPOTOB HACOCHOTO KoJjeca 1, > fy (nz — 4HCJIO

302



060pOTOB TypOHHHOTO KoJjeca), T. €. CYIIECTBYET MOJOXKHUTEIbHAS
PasHOCTb 1;—ns.

Pasrnocme meocdy duciom ob6opomos HACOCHO20 U MYypOUHHO20 KO-
neca 2udpomygpmeot, OMHECEHHAA K wucay 0060pomos8 HACOCHO20 Kojeca,
HA3bi6aemCs CKOAbYCEHUEM 2UOpomygmos:

ny, — n.
§ =172 (454)

ny

. n.
Ecian 0603HauuTh INepefaTOuyHOE OTHOIIEHHe [ = n—” TO MOXKHO

1
BHIDA3UTb BEJHYHHY CKOJbXKEeHHsl yepe3 IepelaToyHOe OTHOLIEHHE IO

dbopmyne s =1—1.

Bripaxass kKosdduuyeHT NOJIE3HOTO JEHCTBHS THAPOMY(TH uepes
OTHOILlIEHHe MOLIHOCTH Ha BeJOMOM BaJy K MOIIHOCTH Ha BeRylleM

Ty
My a5
N, 230 n
=1 = e (455)

Il

- — T

3aMeyaeM, UYTO K. II.J. THAPOMY(TH % =i, TaK KaK MO YpPaBHEHHIO
MoMeHTOB (453)

| M,y | =| M. (456)

CkoJbKEeHHe S perysaupyercss H3MeHeHHeM 3alOJIHEHHS II0JOCTH
ruapoMydTel paGouedi KHAKOCTHIO. CKOJb¥XKEHHEe MOJHOCTBIO 3arodi-
HeHHOH ruapoMydTHl cocraBasieT 3--5%. Bennuuna MomesTa, nepe-
JaBaeMoro rujpofiMHaMH4ecKol MY(TOH, MOxKeT GBHITL ONpeJesieHa 1O
dopmyse

M, = — My = hpgniD?, (457)

rie D — akTMBHBIH AHaMeTp THAPOMYQTH, M;
p — IJIOTHOCTb KHUJKOCTH, K2/Mm3;
Ay — Ge3pasMmepHBIil K03(p(QHUIHEHT MOMeHTa, 3aBHCSLIHHA OT BeJiH-
YHHBl [epefaTOYHOro OTHOIUEHHS .
3Hauenye kodpounyuenta MomeHrta A, = f ({) MoxeT OHITb HalifileHO
J60 TOYHO HA OCHOBAHHMH HCHHITAHHA THAPOMY(TH, JHO60 NpHO/IH-
JKEHHO pacyeTHBIM IyTEM TOJIBKO AJI ONTHMAJbHOTO DeXHMa.
TeopeTtnyeckoe onpenesnenne KoahdHIHEHTa MOMEHTA THAPOMY()TEL
TNIPOM3BOAMTCS MO CTPYHHOH TEOpHM JIOMACTHBIX MamHH (cM. § 59)
IPH CAeAYIOMHUX NONMYyIIEeHUsX:
1. MepupuasibHas COCTaBJSIOMAs CKOPOCTH KHJAKOCTH B JIIOGOM
CEUeHHH, OpPTOrOHAJbHOM JIMHHU TOKA, NOCTOSIHHA.
2. Tlepenaua 3Hepru¥ NMpPOHCXOHT MO CpefHel CTpYiike.
3. HacocHoe u Typ6HHHOE KOJieCcO HMeIOT OECKOHEYHOE YHCJIO
GeCKOHEeYHO TOHKHX JIONMAaTOK.
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IToab3ysick TpeyroJbHHKamu ckopocted (puc. 185a), sammmem
ypaBHeHHEe MOMEHTOB, JEHACTBYIONIHX CO CTOPOHBI KHAKOCTH Ha Ko-
seca rHAPOMY(dTHl ¢ GECKOHEUHEIM YHCJIOM JIONATOK:

s HacocHoro komeca M. = —pQ (c1ury — c2ur2)} 158

11t Typ6uHHOrO Kosteca Mpw = — pQ (Csurs — C3urs))’ (458)

e Q — pacxoq XHAKOCTH B IIPOTOYHOH IOJIOCTH CTPYHKH
TULPOMY(THI;

r1 = ra, Iz =rs — PaIHyChl KOJBUEBEIX CEUEHHH NOTOKA MO CpefHeit
cTpyfiKe Ha BXOJe U BBIXOZle M3 JIOMACTHEIX KOJIec;
M., Ms.. — COOTBETCTBEHHO MOMEHT HaCOCHOIO M TYpPGHHHOro
KoJieca TpH GECKOHEYHOM YHCJe JIOMAaToK;
Clus C2us C3u» C4n — OKPYIKHBIE COCTaBJAMONIME aGCOMIOTHOH CKOPOCTH
COOTBETCTB YIOLIUX CeYeHHH.

IpunuMas BO BHHMAaHHe IIOJYYEHHBIH Bbllle 3aKOH IBHKEHHS
KHUJKOCTH B MEXXKOJIeCHOM 3asope (447), nepenuieM ypaBHeHHe (458)
B BHIE:

My, =pQ ((.02"% --—wlr%)

= 2 2\ (459)
My, = —pQ (w2r2 -— “’1"1)J
VpaBHeHHe pacxofia XKHIKOCTH B IOJOCTH THAPOMY(TE MOKHO
sanucath Tak;

Q=73 (R*—r)en=F R*[1— (f,g-)z]cm, (460)

rie R = -1—2)— — aKTHBHBIH pazuyc THAPOMYQTEHL;

r, — paguyc BTYJKH THAPOMY(TH;
Cm — MEpHIMOHANBHASL CKODOCTb KHIKOCTH.

BennunHa MepHIMOHANBHOH CKOPOCTH Cn B3aBUCHT OT pa3sHOCTH
HaNopoB, CO3/jaBaeMBIX KoJiecaMH THAPOMY(THI B MeXKOJecHOoM (oce-
BoM) 3asope O8. Ilpu Ma/bIX CKOJBXEHHAX MoOJe IaBJIeHHH BO Bpa-
Imaoecs NOJOCTH THAPOMY(TH BecbMa OGJIH3KO K paclpelelieHHIO
JIaBJIeHHsl TIPH OTHOCHTEJILHOM DaBHOBECHH 3IKHIKOCTH BO Bpalnaro-
muxes cocynax (cm. § 12). IlostoMy nepeman paB/jeHHST B MEXKO-
JIECHOM 3a30pe M COOTBETCTBYIOLIHH eMy Hamnop MOXKHO OIpEejHTh
1O YPaBHEHHUIO IJI1 OTHOCHTEJBLHOI'O DPAaBHOBECHS IKHAKOCTH. JKcIle-
pUMeHTaJIbHEle HCCJIeHOBaHHA M pacyeTsbl MOKA3LIBAIOT, YTO YIJIOBast
CKOPOCTb BpallleHHs] JKHIKOCTH 0y MEXIY BpAUIAOMIUMCS KOJIECOM H
napanjielbHOH €My HeNOIBHUXKHOH CTEHKOH MOKeT OBbITb HpHUHSATA
paBHOH NOJIOBHHE YIVIOBOH CKOPOCTH KoJjeca ®, T. €.

O1x = %1’ Wox = ‘Q‘,Qg’ (461)

Tle W% H wgy — YIJIOBblE CKOPOCTH 3KMJIKOCTH, BHI3BAHHHIE BpallleHH-
€M HacoCHOro ¥ TYypOHHHOTO KOJeca;
©;, ®g — YIJIOBBIE CKOPOCTH HACOCHOTO M TYpOHHHOrO KoJeca.
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Hanop, paasHBaebeﬁ HACOCHBIM KOJIECOM II0 CepelHHe OCeBOro
3asopa 3, mo YPaBHEHHIO Ui OTHOCHUTEJIBHOTO pPaBHOBECHS pABEH

2 2 2

r —rl (O]
Hamnop, pasBuBaemblil TYpOUHHBIM KOJIECOM:

2 2 2

rg —ry

PeaysnpTupyomuii Hamop B 3asope 8, co3jaBaeMblii AByMst KoJe-
camu, OYJeT paBeH PasHOCTH HanopoB Hi. U Hu:

2 9) (2 2
Hypow = Hiew — Hoo =(r2 ri) (o 2). (464)

8g

Hanop /.. OGYyC/IOBJMBaeT KOJIbIIEBOE [BHIKEHHE IKHUAKOCTH C
MepHAHOHATBHOH CKOPOCTBIO Cp, MOITOMY

02

Higo = 2—3 (465)
Y BEeJIMYHHA MepHﬂHOHaJIbHOﬁ CKOpOCTH
Cn = VQgwa- (466)

[ToncraBus 3nauenue Hp.. W3 ypaBHenus (464) B dopmyay (466),
I0/1yYUM 3HAYeHHe MepHAMOHAJbHOH CKOPOCTH

(D2 _— (02
Cm = ]//(r§ — ) %4—2 (467)

Tenepb BCe BEJMYMHBI, BXOMfIIME B JIEBYIO 4YacThb ypaBHEHHH
(459) MOMEHTOB JIONACTHBIX KOJIEC THAPOMY(TH, BBIpaXKeHH uYepes
pasMephl KOJbIEBOrO NOTOKA JXHIKOCTH M YIJOBble CKOPOCTH KOJec.
CrienoBaTesIbHO, TO ypaBHEHHAM (459) MOMKHO OIpENe/NHuTh H BeJH-
YHHY MOMEHTA, TepenaBaeMoro THAPOMY(dTOH MNpPH 3aJaHHOM CKOJIb-
KEHUH:

T
Mo =M = — Mo, :p?(Rz —_ rg) X
: / 0] — o}
2 2
< V(=) = (0 — 1), (468)
;99 ) D = r
[IpunuMas BO BHMMaHHE, YTO i =% samenss R==,r1 :Rl’
Ty
W, == 30 U BbIpaxkas
r 1+ 3r 3L 7
2= +—20: rg =R _",-fo
no 3+4r; 4
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M3 YHCTO reOMeTpHuecKHX coobpaxenuit (puc. 185a) mocie mpocthix
npeoGpasoBaHuil ypaBHeHHs (468) nomyuum

_ o6 (172 =3 [; _ (L+3r)°
M. {2,73 10-6 (1 —73) (3 + 7o) [z (3+?o)2]><

(L +3r0)* (I*ﬂ) sp2 :
x‘/l ] | ogDen2. (469)

CpaBHHMBasi NOJyueHHOe ypaBHeHHe ¢ dopmyqoil (457) nas onpe-
NeNeHHs] MOMEHTa uepe3 G6e3pasMepHbll KOS(DGUIUHEHT MOMEHTa ly,
3aMeuaeM, 4TO

= \2
Ay = 2,73 - 106 (1 — 73) (3 + ?0)3[i —(‘—ﬁ‘;ﬂ)—] X

(3 +70)?
(1438r0)% (1 — 3 -
1 — . (470
37 Grn® % )
I'unpasanyeckast MOMIHOCTH THAPOMY(TH paBHA
N = \ypgDsnd, (471)

A
rie hv = 977“5 — KO3(p(UNNEeHT THIpaBJIHYECKOH MOIIHOCTH THAPO-

MYQTHI.

Takum o6pasom, BeJHYHHA MOUIHOCTM THAPOMY(THI 3aBHCHT OT
3HaueHUsi GespasMepHOro XxoapdHuueHTa Ay, IJIOTHOCTH paboueit
JKHAKOCTH, aKTHBHOIO JHaMeTpa ¥ 4Yucja o00pOTOB BelyIero BaJia.
B cBoro ouepenp BesmunHa Ko3¢ddHuHMEeHTA MOMEHTa 3aBHCHT OT OT-
HOCHTEJIbHBIX DasMepoB KoJleC THAPOMYGTH U NepelaToYyHOro OTHO-
mends (ckosbxkenus). McxonHble ypaBHeHHst MOMEHTOB (458) Obiiu
COCTaBJIeHEl Ha OCHOBaHMM TpeX gHonywenuit (crp. 303), mnostomy
BJMSIHHE DsJla KOHCTPYKTHBHBEIX NapamMeTpoB (YHCJIO JIOMATOK padouux
Kosiec, (hopMa NPOTOYHOH TOJIOCTH H Ap.) B ¢opmyse (470) He yuu-
THIBAeTCs.

Becpma BaxKHBIM KOHCTDYKTHBHBIM IapaMeTpoM KoJieC THApPO-
MYy(}Tbl ABJSETCH YHUCJIO JIONATOK. UHCJO JIOMATOK HACOCHOTO KoJeca
onpejeJsercd Mo SMIHPUYeCKUM GopMyJiam:

a) ans rugpoMydr c paGounmu KoJecamu Ge3 Topa (puc. 187)

z = 8,65 D278 (472a)
6) mns rugpomydT ¢ paGounmmu KosiecamH ¢ TopoMm (puc. 188)
z = 1,39 D52, (4726}

rie 2 — YHCJIO JIOTNAaToK;

D — akTuBHEI IHaMeTp THAPOMYQTH, M.

B Typ6uHHOM KoJece THAPOMY®TH OOHIYHO JeJAl0T Ha JBe JO-
natky GoJsiblile HJM MeHblIe.

306



Bausiude KOHEYHOTO YHCJA JIONMAaTOK Ha BeJHUYHHY KO3(p@HUUHEHTa
MOMEHTa A, MOXKHO y4ectb mo ¢opmyJe akagemuxa I'. @. [Ipockyper
(377), KoTopasi IJisi THUAPOMY(THI 3amHUCHIBAETCSH TaK:

1

€, = 1 + 2‘3+2’§— . (473)
z(l __1_+__3;_o)
347,

Pesy/bTUpPYIOMHUiA Hanop Hi» NP KOHEYHOM YHCJe JONaTok Oy-

IeT paBeH
Hyy =eH s (474)

fa

Puc. 187 Puc. 188

Taxkum ofpasoM, semuunHa Ko3(DOUUMEHTA MOMEHTAa THAPOMYdTHE
C yyYeTOM BJIMSIHHUSl KOHEUYHOrO 4HCJa JIONATOK

- - . -\2
Mo = 2,73+ 1025 (1—79) (3 + rn)S[‘ — *?@l} Y

) FY 2]
w1/ - | LEsn)f1—c] (475)
/ (3 +r) 4 ]

CrnefyeT OTMETHIb, 4YTO MOJYYEHHble BBIille GOpMyJibl JJIs Ompene-
J€HHS] Aye M Ay CHOPABELJHBBI VI THAPOMY(]T MOCTOSIHHOTO HAMOJI-
HEHHSI IPH HOPMaJIbHOM CKOJbXKeHHH s = 0,02 +-0,05, 1. e. mas pac-
4eTa MOMEHTa, TepelaBaeMoro rujipoMydToll oCTosiHHOTO HANOJIHEHHS
TIpH YCTAHOBHBLIEMCS] HAMBBILOJHElllleM pexuMe pabOTHL. J3HAYeHHe
KO3((UIHEHTa MOMEHTA Ay M MOULHOCTH Ay HA APYTHX pekUMax MpH
GOJIBIIOM CKOJIbKEHHH YCTaHABJIHBALTCS HKCIEPHMEHTANbHO MyTEM
CHATHA XapakTepUCTHKH THAPOMY(THl B BULe KpPUBBIX Ay = fy (i) #
)\Av =f2 (l).
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§ 82. XAPAKTEPUCTUKH H CXEMb! KOHCTPYKUHA FHAPOMY T
Brewwneii xapaxmepucmuxoil TMAPOMY®TE Ha3bIBalOT 3aBHCHMOCTb
KpyTdmero MoMeHTa M ¥ X. m. I. rujpoMydTel OT YHCJIa OGOPOTOB
N, TYpOMHHOTO KoJleca IIpDH TIOCTOSHHOM YHcJe OGOpOTOB 7, HACOC-
HOro KoJieca. BHeIIHIO XapaKTepHCTHKY ruapoMydrts (puc. 189)
CTPOAT MO pe3yJbTaTaM €€ HCHLITAHMH. X apakTepHCTHKH THAPOMYQTE!
CHMMAIOT ITPH TOJTHOM H YACTHUHOM ee
M T A~ /1 sanonHeHnu paGodeill KHUIAKOCTHIO.
», N, n flgg YMeHblleHHe HamosiHeHHs paGoueii
t;,B NOJIOCTH THAPOMY(MTHl  KHIKOCTHIO
g7 2KBHBAJEHTHO YBEJHUEHHIO BTYJOY-

d

|
|
N |06 HOTO OTHOIIEHHS T, = f‘,% (puc. 185a)
|
|

Y
M TN

05 'y cHuxkaeT mepenaBaeMbli MOMEHT.

04 Ilpu mosiHOM HamMOJNHEHHH THAPO-

\ 03 mydrtel o6meM paGouell KHAKOCTH

N\\102 paseH mnpumepHo 90% reomerpuue-

N1 CKOro ofbema MoJoCTH THAPOMY(THL.

n, offnun D10 HanosiHeHHe CYMTAETCS IOJ-

HBIM, TaK Kak HeOOXOIHMO HMETb

Prc. 189 CBO6GOIHOE NPOCTPAHCTBO, 3aNOJ/HEH-

HOe BBIIE/ISIOUIUMHCS M3 IKHIKOCTH

napaMu Macsaa H BozLyXoM. JloGoe npyroe Hamosnenue menee 90%

reOMETPHUYECKOro oGbeMa IHAPOMy(dThl Ha3LIBAETCS YACTHYHEIM. BHerm-

HsiSl XapaKTepucTHKa THAPOMydTH XapaKTepHayeT JHaHHYIO THIPO-
MydTy NOpPH NOJHOM M YaCTHYHOM 3aIOJHEHHSX.

Ilpu paccMoTpeHMH psila TeOMeTpPHUYECKH MONOGHBIX THAPOMYdT
11€J1eCO06Pa3HO CTPOUTb XapaKTePHCTHKY B KOOpAHHATAX INpHBEIEH-
HBIX BeJUUUH Ay =f; (i) u 1 = [ (i).

Takast xapakTepucTHKa HasbiBaeTcsi npugedenroti. Clie0BaTeJbHO,
NoJ, NpHBEeNeHHOH XapaKTepHCTHKOH TIHAPOMY(PTh MOHHMAIOT COBO-
KYIHOCTb JIBYX KPHBBIX, BEIPAXKAIOMIHX 3aBHCHMOCTb KO3(dpuineHra
MOM¢H:a Ay H K. I. J. M OT nepefarouHoro orHomenusa i. Ha puc.
190a nmoxasaHa npHBeleHHasi XapakTepucTHka ruapomydrtel. Ee moay-
YalOT NyTeM IepecyeTa ONBbITHHIX BHEIIHHX XapaKTepPUCTHK. PacueTHbim
NyTeM NpHBEIEeHHYI0 XapaKTePUCTHKY MOMKHO IOJIYYUTH JIHIIb IIpH-
6511 KeHHO.

Ilpu cpaBHeHMH KaueCTB pas/IHYHBIX THUAPOMY(PT YAOOHO IIOJB-
3oBathcs Ge3pasMepHBIMHM BeJIHYMHAMH, [PECTaBJSIOMUME COGOH
OTHOLIEHHE TeKyllell BeJUYHHLI Mepe/iaBaeMoro MomeHTa M K pacyert-
HOU — Myopu. B TaKHX co1yuasix CTpOSAT OTHOCHTE/BHYIO XapaKTEPUCTHKY

B KoopanHatax M =

A = f({). Takum oOGpasoMm, OX omHoCUmMEeNb-
HOPpM

HOU xapakmepucmuxkoll THAPOMYy(dTH MNOHHMAIOT KpHBYIO M =f (i),

rjae M npeacTaBJasger co60i OTHOILUEeHHE TEKyllero MOMEHTa K MO-
MEHTY NpH pacyeTHOM NepeJaTOYHOM OTHOUICHHH HJIU CKOJIbXKEHHH.
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N3 puc. 190 6, rie nokasaHa OTHOCHTeJbHAsl XapakTepHCTHKA THIpO-
My®THl, BUIHO, YTO C yMeHbllieHHeM IepeJaTOYHOTO OTHOLIEHHS MO-
MEeHT THAPOMYy(]TH pes3Ko Bo3pacTaeT U IIpH NepeJaTOYHOM OTHOLICHHH,
pPaBHOM HyJIO (T. €. NOJHOCTHIO 3aTOPMOXKEHHOM TYpPGHHHOM KoJece),
BeJIMYHHA Tlepe/laBaeMOro MOMEHTa IIpH IOJIHOCTBIO 3alOJHEeHHOH
rugpoMydre MoxeT Obitb B 20—25 pas GoJiplile pacyeFHOTO IIPH
HOpPMaJIbHOM CKOJIbXKEHHH.
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Buemnss, NpUBeleHHas U OTHOCHTE/bHAs XapaKTEPHCTHKH ompe-
neJstoT padoTy THAPOMY(Thl IOCTOSHHOIO HANOJHEHHS OpPH [OCTO-
SIHHOM uHcJie 060opoToB BeAyllero Basna n, = const. OmHako rumpo-
MydTHl MOLYT paboTaTb M NpPH INEpeMEHHOM dYHCJe OGOpOTOB Beny-
mero Bana n, # const. [as sTHX ciydaes cTpOAT yHHBepcanmbHyIO
XapakKTepHCTUKY ruapoMydtst (puc. 190 B).

Yrusepcarvroll xapakmepucmuxot THAPOMY(THl Ha3blBAIOT 3aBHU-
CHMOCTb €€ KpYTAIHX MOMEHTOB OT 4ucja OGOPOTOB TYpPGHHHOIO
KoJleca INpH pasJHYHBIX 4YHCJaaX OOGOpOTOB HAacocHOro KoJeca. Ha
YHUBEPCAJbHOH XapaKTePHCTHKE HaHeCeHbl TaKXe KpHBBIE, Ipel-
cTapJsomye co60li BeJHYHHBEI MOMEHTOB THAPOMY(MTHI C OfHHAKOBLIMH
3HAUYEHUSIMM K. M. 1. JIJig NOCTpOeHHsl yHHBepCaJIbHOH XapaKTepHUCTHKH
HEOGXOIMMO CHSITb BHEIIHHE XapaKTepPHCTHKH THAPOMY(Thl HpH pas-
JIHYHOM 4HcJsie 060POTOB HACOCHCTO Kovieca, ONbITHAS XapaKTepHCTHKA
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THIPOMY(THI I€PEMEHHOTO HANOJIHEHHUS OT/JIMYAETCS MOSIBJEGHHEM MeCT-
HBIX HCKPMBJIEHHH M PaspLiBOB KPHUBBIX MOMeHTOB (puc. 192). Cbmwsc-
HsIeTcs 3TO TeM, YTO B CJyyae HeNOJIHOTO HAMOJIHEHHS B MHAPOMY(dTe
BO3MOXKHBI JiBe (DOPMBbI JIBHIKEHMS IKHUIKOCTH: M0 MaJOH NPOTOYHOM
NOJIOCTH, KOTZA XKHMAKOCTb BXONHUT B KOJIECO Ha OOJBIIOM pajuyce,
U 10 O6OJBLIOH, KOTZJA JKHAKOCTb BXONHT B HACOCHOE KOJECO Ha ero
MuHUMasJbHOM pamuyce. Ha puc. 191 noxkasano npumxenne »KHUIKOCTH
8 YACTUYHO HAMOJHEHHOH IHAPOMYydTe B 3aBUCHMOCTH OT CKOJAbIKEHUS.

¥
4’

PSS

Puc. 191

a) Ilpu orcyrcTBHM cKodbkeHHs (S = 0) OTHOCHTEJNBHOTO IBHKe-
HUs KMAKOCTH HeT (puc. 191 a).

6) C yBesqMueHMeM MOMeHTa Ha Bajy TYpOMHHOTO KOJeca €ero
o6opotsl ymeHpmaioTcsl (s = 0,056—+-0,1) u BO3HHKAaeT OTHOCHTEJNLHOE
JIBHXKEeHHe, B pe3yJbTaTe KOTOPOTO IPOMUCXOJMT Iepepaclpenesenue
JKMIKOCTH MEXJYy HAacoCHBIM M TypOGMHHBIM KoJiecoM (puc. 191 6). Ha
KHUIKOCTb Telepb JOEHCTBYIOT He TOJbKO IE€HTPOGEXKHbBIE CHJEL OT
BpAaIleHHUs] OTHOCHTEJBHO OCH THAPOMY(}TH, a W THApONMHAMHYECKHE
CHJbl OT JBHIKEHHS KHIKOCTH B MEpHAMOHAJBHOH IJIoCKocTH (Ha-
NpaBJieHHe [BHXKEHHS IOKa3aHO CTDEJKOH).

B) [To Mepe yBeJMUeHHS Harpys3KH, a CJeIOBaTeJbHO, M CKOJb-
xenpa (s =0,3-+0,35) motok XuAKoCTH Bce OGOJbIIE 3aXBaThiBAeT
TypOHIiHOE KOJIeco, paccjauBaeTcss H NpUOIHXKaeTcad K OCH THIDO-
MydTHl (pHc. 191 B).

r) Korna xuHeTHuecKasi SHeprusi IOTOKa OKaxKeTcsl JOCTaTOUHOH
IJif TOro, 4ToGbl €ro LeHTPOCTpPeMHTesbHasl BeTBb JNOCTUIJIA BHYTpEH-
Hero pazuyca Typ6GuHHOro Koseca (s = 0,4-0,45), morox BoHzer
B H2COCHOe KOJIeCO Ha ero MHHHMaJbHOM panuyce (puc. 191 r). Ilpu
5TOM [BHXKEHHe XKHIKOCTH MOHJeT no nepudepuy NPOTOUHOH NOJIOCTH
Mydrel. Ilepexox or gBHKeHHs IO MaJsofl K IBMKEHHIO IO IepHde-
PHHHOH MNOJIOCTH IPOMCXORUT CKAaYKOOOPA3HO C De3KHM YBesHYeHHeM
JKECTKOCTH MYQTHI.

I'uppomydra B cayyae wacTHYHOro 3amnosiHeHHst paboTaer YcCTofl-
YHBO NpPH 06eux (opMax IBHKEHHS KHIKOCTH, HO B 30He Nepexofa
OT ONHOH (OpMBEI K ApYroii TepseT YyCTOHYHMBOCTb (CM. XapakTepu-
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cruky puc. 192). Ias GopbOrl cOo cKaukooGpas3HEIM H3MeHeHHeM (op-
Mbl JBHIKEHHS XKHUIKOCTH Ha BBIXOIE M3 TYpOHMHHOIO KoJieca ycTaHaB-
JMBaeTcs Tak HasblBaeMblil mopor (pmc. 193). Ilpu manmumu nopora
ofpasoBaHue NepudepHiHOr0 TedeHHs HEBO3MOXKHO, M TruipoMydTa
€ YaCTHUHBIM SaNlOJIHeHHEeM

(4

paboTaeT yCTOHYMBO. |

Fuppomydrsl nensitess Ha 1000 o
HeperyJupyeMble H Peryin- gy S —
pyemble. K HeperynpyemsiM g N
oTHOCATCH My(QTHE, Y KOTO- s
DHIX DIpH MOCTOSIHHOM cKo- /07 ~ N ]
poctn BpameHusi senymwero 600 06 T
Baja YHCJIO OGOPOTOB BEAO- SOl TN —
MOro Bajla 3aBHCHT TOJBKO  fgp a4 \&
OT Harpy3ouHoro MOMeHTa e . S N
Ha BeJloMOM Basy. B pery- J00— 75 N\
Jupyemoit rugpomydre uyuc- 200 /_.\\
J1I0 06OpPOTOB BeJIOMOrO Bana  fjj >
3aBUCHT TaKXke U OT IOJO-

n,
JKEHUS YTIPABJSEMOro H3BHE 0 610203 040506070809 107,
perysupyomero  yCTpoi- Puc. 192
ctBa. Kak Heperymupyemsle,
TaK W peryJjupyeMble THAPOMY(THl MOT'yT OBITb MOCTOSHHO 3aNOJIHEeH-
Hble HJIH TepPeMEeHHOro 3amnojHeHus. Bospacrande nepenaBaeMoro
Momenta B 20—25 pas mo cpaBHeHHIO C PacYeTHHIM NPH H3MEHeHUH
cKosibkeHHs B npegenax 0,03 <s < 1 — GoJibIION HENOCTATOK MY(T
’ IOCTOSIHHOTO  HaloJHEeHHA
! U B OOJILIIKMHCTBE CJyYaeB
[Topo2
COBEpIIEHHO  HEeJONYyCTHM,
TaK Kak Takas Mydra He
‘ XN, MOKeT ObITb HaJeKHbIM IIpe-
gt I'l"‘ X l!“‘ 'l JIOXpaHHUTE/bHBEIM YCTPOHCT-
A BoM. [IJostomy mpu xoH-
CTPYHPOBAHHH  THAPOMYQT
NPUHUMAIOTCS MepHl K TOMY,
yTo6bl YMEHBLIUTL  2KecT-
KOCTb THAPOMY)TH M TeM
caMbBIM HCKJIOYHTb pesKoe
BO3pacTaHle MOMeHTa Ipu
Pac. 193 VBEJHUEHHH  CKOJbKEHUS.
IlpumeHeHHe nopora u 1py-
THX yCTPOHCTB MO3BOJIsIET M3MEHWTH HANOJIHEHHE NPOTOYHOH IOJIOCTH
THAPOMY(TH KHUIKOCTbIO B Ipolecce paGoTbl. DTOH LeJNH yIOBJET-
BOPSIIOT KOHCTPYKLHH THAPOMY(T C NOPOroM H JONOJHHTEJNbHOH Ka-
Mepoil (puc. 194). MameneHne HanoJIHEHHs NPOTOYHOH MNOJOCTH TaKoH
TUAPOMY(dTE NPOUCXOAMT aABTOMATHYECKH TOJbKO B 3aBHCHMOCTH OT
Harpy3o4HOro MOMeHTa Ha BeloMoM BaJgy. [uapomydra mnepemeHn-
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HOrO HAMOJIHEHHSI C NOPOTOM M JONOJHHUTENBHOH KamepoH OTHOCHTCS
K HeperyjupyemblM My@dTaMm € aBTOMAaTHUECKUM IepeMEHHBIM HAamoJ-

HEHUueM

)

loro2

IIPOTOYHOH II0JIOCTH,

Donanrrarmensnas
Kamera

Puc. 194

XOTsl ofllee KOJHYECTBO KHIKCCTH,

Haxojsilledcss B HeH, B
TeyeHHe BCEro Iepuoja
pa6oTbl ocTaeTcsl IOCTO-
STHHBIM.

B peryaupyembx my-
drax nperycMaTpHRAIOT-
Csl  peryJupymliue ycr-
poficTBa /Il yNpaBJ/ieHUst
NIOTOKOM 2KHAKOCTH BHYT-
pH THIPOMY(PTH BO3Zel-
crBueM usBHe. Ilostomy
peryaupyemble THApPOMY-
(Tl IpH  [NOCTOSIHHOM
Harpy3ouyHOM  MOMEHTe
Ha BEJAOMOM BaJy MOTyT
paboraTb C pasjHYHBIM
CKOJIbXKEHHEM, BeJHYHHA
KOTOpOI'0  ycTaHaBJ/iHBa-

eTcs BHeIHUM BosjedcrBueM. Ha puc. 195 nokasana cxema peryJd-
pyeMoil My(Tbl C HaKJOHHOH uepmaTe/nbHOH TPYOKOH B HOMOJHHU-
TenbHOH Kamepe. [losoKeHHe ueprnaTenbHOH TPYOKH MOXKHO H3-
MeHATb M3BHe, BHIBUTas ee M3 JONOJHHUTENbHOTO o6wmema. Yep-

naTejbHad TpyOka H30-
6paxeHa B J1BYyX Kpaih-
HUX mosioxeHusix. [TyHK-
THPOM IIOKa3aHO I0JIO-
XKeHue yeprnaTeJbHOU
TpyOKH NpH ee HauOGOJIb-
IIeM [OTpY¥KeHHH, KOTO-
pPOMY COOTBETCTBYET Hau-
MeHblllee KOJIHYECTBO
JKHAKOCTH;  CIIJIOLIHBIMH
JHHHAMH — TpyOKa IpH
HaHMEeHbIUeM  IOrpyxe-
HHH, KOTOPOMY COOTBET-
CTByeT HauboJbllee Ko-
JINYECTBO  XKHIKOCTH B
THApOMY(TeE.
CnenosarenbHo, noJo-
JXEHHe yepnarTesbHOH Tpy-
6KH, ynpasJsieMOHl Bpyu-

Puc. 195

Yepnamensnasn

HYI0O HJIH aBTOMAaTHYECKH, omnpeneJisieT KOJHYECTBO XK HIKOCTH B IIPOTOY-
HOH TIOJIOCTH H BMECTE C 3THM BeJIMYMHY YHCJa 060POTOB BEAOMOLO BaJa.
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Tuppomydra MoxKeT OBITH HCNOJb30BAHA MJISI IOIJIOLIEHHST MOII-
HOCTH KaK THAPaBJHUYECKHH TOPMO3, €CJIH BeAyIUHH BaJ My(QThl coeiu-
HUTb C HCHBITBIBAEMBbIM JBHrartesieM, a TOPMO3HOH MOMEHT CO31aBaTh
Ha BegOMOM (TypGMHHOM) Basay ruppoMydTel. B 3TOM ciyuae Heo6xo-
JIIIMO MHTEHCHBHO OTBOAMTD TEIJIO H3 NPOTOYHOH MOJIOCTH THAPOMY (THL,
co3faBasi LUPKYJSnUI0 pabouyell XKHIKOCTH MeXJAy IPOTOYHOH IIO-
JIOCTBIO H XOJIOZHJIbHHUKOM.

Irasa wecmnadyamas
F'HAPOTPAHCSOPMATOPbI

§ 83. PABOYHI NPOLECC FTHPOTPAHC®CPMATOPA

B ornuume or ruapomydTel THAPOTpaHC(OpPMATOp IepefiaeT Mexa-
HHUYECKYIO SHEPrHIO MeKIy COOCHBIMH BaJlaMH C H3MEHEHHeM KpyTsi-
mero moMmeHTa. Kax npasujio, ruaporpaHchOpMaTopbl CJyKaT AJs
yBeJIMUeHHs KpYTALLero MOMeHTa Ha BefoMoM BaJay. Ilo cBoemy na-
3HAUEHHIO OHH COOTBETCTBYIOT BApHATOpaM C aBTOMAaTH4YecKuM GeccTy-
neHYaThM M3MeHeHHeM CKOpOCTH BefoMoro Basa. Kopnyc rupporpanc-
cdopMaTopa HMeeT BHEIIHIOIO ONOPY JJs BOCHPHATHA pEaKTHBHOIO
MOMEHTa, BO3HMKAIOLIEro Ha JomaTkax peakTopa, KOTOpHIH CBsi3aH
¢ xopnycoM. I'maporpancdopmatopel MOTYT GBITb BBINOJHEHH TpeX-,
yeThlpeX- ¥ MHOTOKOJIECHBIMH C OJHOCTYNEHYaTblM HAacocoM, OJHO-,
IByX- W TpeXCTyleHYaToll TypOHMHOH C ONHHM HJIH HEeCKOJbKHMH pe-
akTopamu. IlpocrefiiuM ruaporpaHcGopMaTopoM SBJISETCS TPEXKO-
JecHbl#l (puc. 186), cocroamuii U3 OZHOrO HAaCOCHOTO KoJieca I, OZHOTO
TypOUHHOTO KoJeca 2 M JIONAaTOYHOTO BeHIA peakTtopa J.

CoBMecTHast paboTa JionaTokK Hacoca, TYpOHHBI H peakTopa B Of-
HOM 3aMKHYTOM [OTOK€ NpPH JOCTATOYHO OJHM3KOM HX pacClOJIOKeHHH
npeacTasiseT cO00H CJIOXKHBIN FHAPOAMHAMHYECKMH npoiecc. Bpamaro-
myecss B 3aMKHYTOH ITPOTOYHOH IOJIOCTH JIONACTHBIE KoJieca cOOOIaloT

-

KHUJIKOCTH OTHOCHTEJIbHYIO CKOpDOCTh W BJOJIb JONATOK U OJHOBpE-
MEHHO I[EPEHOCAT 2KHIAKOCTb B OKPYKHOM HalpasJeHHHU C IepeHoc-

HOH CKOpOCTBIO U.
Takum obpasom, a6cosoTHas CKOPOCTb B JIOGOM CeYeHHH Hacoc-
HOTO W TypOMHHOIO KoJieca IIpPeACTaB/sieT cOGOH TeOMETPHYECKYIo

- - —
cyMmmMy ¢ =w 4 u.

B nosoctu rumporpaHchopMaTtopa B MeCTax HapyIIEHHS YCTOHUH-
BOCTH IOTOKA IIOSIBJISIIOTCS BpelHble BHXpeBble /BHkKeHUs. Ha pexu-
Max paoTel, OTJIHYHBIX OT ONTHMAJbHBIX, BUXpeoGpa3oBaHHE YCHJIH-
BaeTcsl, 4TO BJIeYeT 3a COGOM majeHHe K. I. 1. THApOTpaHCdopMaTopa.
K. n. a. ruaporpancopmatopa omnpefelsiercsi o ¢GopMmyJie

313



M
The K =5 — TeKyllee 3HaueHHWEe OTHOLIGHHH MOMEHTa TypOHHBI K
1
MOMEHTY Hacoca;
. n.
{ = *— TeKylllee 3HaYeHHE NEPENAaTOYHOTO OTHOLIEHHS.
1

3nayeHne K H3MeHsIeTCSi B 3aBHCHMOCTH OT YHcJia 0GOPOTOB BeJo-
MOro Bajia I B pacnpocTpaHeHHHIX B HacCTosilllee BpeMsl KOHCTPYKIHAX
JOoCTHraeT MaKCHMaJbHOTO 3HadeHHs npH { = 0, T. e. IpU IOJHOCTHIO
OCTAHOBJIEHHOH Typ6uHe. DBe/jHunHa MOMEHTOB Ha Bajly HaCOCHOTO
kKoneca M; u Bajgy TypOMHB M, ompenessieTcsi COOTBETCTBEHHO IO

dbopmyaam:
M, = \ypgniD®

i (477)
M, = hoypgniD’
rae My U Agy — nepeMeHHBle KO3((HIHEHTH MOMEHTOB, SIBJISIIOILUECS
GYHKIHAMH [epeaTOuHOro OTHOIIeHHS;
D — axTuBHBI auaMeTp ruapoTpaHchopMatopa (prc. 186).

OcHoBHOHl 3anaueli TeOpHH THApOTpaHchopMaTopa sB/sSETCS H3Y-
YeHHe Ipollecca 5HepProo6MeHa H CHJI B3aUMOAEHCTBHS MeXAy Jona-
CTHOH CHCTEMOH M IIOTOKOM XKMJAKOCTH. DTa 3ajaya MoxkKeT ObITb pe-
[IeHa IyTeM IpHMeHeHMs CTPYHHOH TeOpHHM, 6a3Hpylollelcss Ha OCHOB-
HBIX YpaBHEHHSX JIONACTHBIX MAaIIMH M THIPABJIHKH.

Ilpy nomoOIIM OCHOBHBIX YypDaBHEHHH YYMTHIBAIOTCS OCOOEHHOCTH
KaXJoro JIONACTHOrO KoJjeca M CBsI3bIBAIOTCSI DAapaMmeTpsl MOTOKA C
reoMeTpUYECKHMH pasMepaMu THApoTpaHcdopmMaTopa METOLOM BEKTOp-
HBIX JHAarpamMmM CKOpOCTeH.

YcnoBuMcst nuamMerpbl KOsblLeBhIX cedeHHH Dy, D, ..., Dg ¥ co-
OTBETCTBYIOILYIO HM LIHPHHY Kojeca by, bs, ..., bg Bolpaxkarb B Ges-
pasMepHOM BHIE IO OTHOLIEHHIO K JHaMeTPy BBHIXOJHOTO CEYEHHA
Hacoca D,, 1. e.

di=p, b=t
D, D,

Pacxon »xuaxocts B rupporpaHcopmatope BBIpasHUM yepes MepH-
JIUOHAJIbHYIO CKOPOCTb Cr, H IJIOWAAb KOJBLEBOIO CEeUeHHs, CUHTast
Cm ONMHAKOBOH B JIIOOOH TOYKe paccMaTpUBAeMOrO CEYeHHs:

Q = xDbcp. (478)

Ilo ypaBHenmio HepaspeiBHOcTH (102) BenuynmHa pacxona OfMHa-
KOBa BO BCeX KOJIbIIEBHIX CEYEHHSAX INPOTOUHOH MOJIOCTH THAPOTPaHC-
opmaropa

Q =nDybcim = wDabscom = ... = wDgbgCem. (479)

Ilpu cocraBjeHHH ypaBHeHHs MoMeHTOB (44Y) s ruapoTpaHc-

(pOpMaTOpOB NPpUHATO CYUTATL 34 IMOJIOKHUTEJbHOE HaNpasJieHHE nei-
CTBHE MOMEHTOB, COBHaJamwollee C HalpasJ/JeHHeM BpalleHHss Hacoca.
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YpaBHeHue OaJjiarica 3HEPTHH B THApoTpaHcdopmaTope INpH  Hemom-
BUXXHOM peakTope 0e3 yueTa OObeMHBIX yTeueK MexXAy KoJiecaMH H
MeXaHHYeCKOro TPeHHs MoxKeT ObITh 3anucaHo B ofuieM BHZe (452).

Bo MHOrMx KOHCTPYKIHAX THAPOTPaHC(OPMATOPOB INpPH 3HAUH-
TeJHLHOM YMEHBIIEHHH Harpy3oyHOr0O MOMEHTa Ha BeJOMOM BaJsy pe-
aKTOphl MOTYT BpallathCsi, IOIJVIoOMAs dYacTH Hamopa f{3. B stom
cjyyae ypaBHeHMe OaJslaHCa 3HEPTHH 3alHChIBaeTCsl B BHJe

Hy— (Hy + Hy) = ha. (480)

Bxonsiue B ypaBHeHusl CasnaHca SHepTHH Hamopsl HacocHoro Hy
u TypOuHHOro H, koJjec MOryT CHITb OIpeJeseHbl IO OCHOBHOMY
ypaBHEHHIO JOMACTHBIX MalHH (368) ¢ yueToM KOHEYHOro 4ncJja Jo-
natok no ¢opmyae I'. @. Ilpockyps (377).

Hanee, BxoxslKe B ypaBHeHHe OaJjlaHCA SHEPrHH IPOEKIHH abco-
JIOTHBIX CKODOCTeH Ha OKDYJXKHOe HampaBjeHHe MOTYT OBITb OIpeje-
JIeHbBl M3 TPEYTOJILHHKOB cKopocTeil (puc. 186) ¢ yueToM ypaBHEHHS
pacxona (479), T. e.

Q Q |
Cly = ul'—ﬂ—DlE'l Ctgpl, Coy = Ug ——;c—lj;—b? Ctgpz

C3y =u3-1%3b3 ctgBs, Can=1uy — D5, ctgB, 7 - 481)

Q Q
C5y = Ug " 7Dsbs ctgBs, cou =ug — m{ftg fe s

T'unpaBnuyeckye IoTepH B rHppoTpaHchopMmaTope k., pasGHBAIOT
Ha [Be TPYNNBI: IIOTepH 3HEPTHHM NpH paboTe Ha ONTHMAJbHOM pe-
KHMe M NOTepU Ha peXkHMax, OTIMYHBIX OT onTHMasbHoro. Ompeje-
JIAIOT MX N0 MeTOAaM THAPaBJIMKH.

TloTepn mnpu ONTHMAJbHOM pexXHUMe paboThl THAPOTpaHchopMa-
TOpa MOXKHO ONpeesuTh o dopmy.ie

2

hon‘r = Conr ’QL;I ’ (482)

rae honr — NOTEPS HaoOpa NpH ONTHMAaJbHOM pexkHMe paGoThl;
lonr — KO3 HLUHUEHT MOTepb B THAPOTpaHc(hOpMaTOpe HPH ONTH-
MaJbHOM pexHMe palGoTHl;
Wonr — HEKOTOPAsi pacyeTHas OTHOCHTEJbHAS] CKOPOCTb NPH ONTH-
MaJibHOM peKHMe.

Yno6Hee BCero 3a pacyeTHYIO CKOPOCTb Wonr NPHHHMATh pacyer-
HYI0 OTHOCHTEJIbHYIO CKOpOCTb Ha BbIXOle M3 Hacoca. JlomosiHHTesb-
Hble TIOTepH Hamopa Ha peXHMax, OTJIMYHBIX OT ONTHMAaJbHOrO, BO3-
HHMKalOT OT HecOBNAaJeHHs HaNpaBJEHHS IOTOKA H BXOOHBIX KDPOMOK
JIONATOK IIpH IlepeXofe IKHUAKOCTH H3 OJHOrO KoJeca B JApyroe
(puc. 196). OTH moTEpH MOKHO ONpPENENUTb NO (opMmyJie

2

w; \
hyn = C-yn 9g - (483)
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rie hyy, —noTepss Ha yjap H3-3a OTKJOHEHHS NOTOKa OT ONTHMAaJib-
HOTO;
Cya — KO3dUINEeHT YHapHBIX NOTepb B THApOTpaHchopMartope;
Wu — NPOEKIIHsl TeOMeTPHYECKOH pa3HOCTH OTHOCHTEJbHBIX CKO-
pocteil motoka (puc. 196).

IloncraBaisisi  3Haue-
HMS HAIOpPOB HACOCHOIO
U TypOMHHOIO KoJjeca U
BEJUYHHY IOTepb B 00-
Ilee ypaBHeHHe OaJaHca
sHepruu (452), nosayunm
KBaJIpaTHOe ypaBHEHHe
OTHOCHTEJIbHO HEH3BeCT-
HOTrO pacxoja:

AQ*+ 5Q + B =0,
(484)

rne A, b u B —nocro-
Puc. 196 sSIHHBIE  BEJIMUMHBI  JOJI5
JIAHHOTO yCTAHOBHB-

mierocss pexuma paboTsl ruaporpaHchopmaTopa.

Ilpu mepexone Ha mpyroii pemum kKosdduuuentst A, 5 u B cra-
HOBSITCS JIPYTHMH, CJIelOBAaTe/IbHO, H3MeHseTcsl W PacXof XKHIKOCTH
B NPOTOYHOH IIOJIOCTH rujporpaHcopmaropa. TakuMm o6pasoM, BeJiH-
YMHA KO3()(QHMIKEHTOB B ypaBHEHHH OaJjaHca 3SHEPrHH THAPOTPAHC-
¢opmaropa (484) 3aBHCHT OT COOTHOIIEHHsI YIJIOBBIX CKODOCTEH BaJIOB
H TepelaBaeMOd MOILHOCTH 0OpH JAaHHOM pexuMe paboTkl THApO-
TpaHcdopmaTopa.

Boibupass onTHMajbHble COOTHOLIEHHSI pasMepoB M IapaMeTphl
JIOTIACTHBIX CHCTEM THApoTpaHcdopMaTopa NO OMBITY NMPOEKTUPOBAHHSA,
cocTaBJisisl M peluass ypaBHeHHs MoMeHToB (449) M ypaBHeHue 6a-
Jianca 3Hepruy (484), MOXHO NpPOH3BECTH HNPHOJMHMIKEHHBIH THIpaB-
JUYEeCKHH pacyeT IPOTOYHOH MOJIOCTH H HaHTH BHELIHIOI XapakTe-
PHUCTHKY THApOTpaHcgopMaTopa.

§ 84. XAPAKTEPUCTHKH T'HJIPOTPAHC®OPMATOPOB

B ormnune or ruppomydr, ruaporpanchopMaTophl paborTaioT
TOJIbKO IIPH IIOJIHOM 3alOJIHEHHH paoueill KuIKocTbio. DBogsee Toro,
JKHAKOCTb B THADPOTPAHCHOPMATOP MOAAETCS MO H3GBITOYHBIM JaBJie-
HHMeM, TaK Kak ycToiuuBas paboTa rujporpaHcdopMaTopa BO3MOKHA
TOJIBKO ITIPH IIOJHOM OTCYTCTBHHM KaBHTAlHOHHBIX sBJeHHH. Bosbmine
CKODOCTH JBHKEHHs M BBICOKHE TeMIeparypbl paGouHX KHAKOCTEil
B THAPOTPaHC(OpPMATOpAX YBEJHYHBAIOT BEPOSITHOCTb BO3HHKHOBEHHS:
KaBHTAlHH BCJELCTBHE TOTO, YTO OCOGEHHO y BXOIHBIX KPOMOK JIO-
NaTOK Hacoca JapJieHHe MOXKeT CTaTb paBHBIM JaBJEHHIO HaChIILEeH-
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HBIX NapoB paGouell KuuKocTH. Iy KOMIEHCAUHH BIUSHUS GOJBILHX
CKOpOCTeH M BBICOKHX TeMIepartyp KMIKOCTb INOJAaeTcsl B NPOTOUHYIO
TI0I0CTh THAPOTpaHChOpPMATOpa MOJA H3CHLITOUHBIM JaBJEHHEM.
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IlyreM HcnbITaHUH THAPOTpaHC(OpPMATOpa HA PA3JIMUHBIX PERHMaX
paGoThl ONpeNeJIIOT ero BHeIHwo (puc. 197) XapakTepHCTHKY, Ko-
TOPYIO MOXKHO IepecuyuTaTb Ha npuseleHHylo (puc. 198) u yHuBep-
canbuyio (pHc. 199) xapakTepHCTHKH.
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M, npu nz=50%
Puc. 199
XapakTepHCTHKH THApOTpaHCOpPMATOPOB GoJiee IIOJIOTHE, YeM y

rHApoMydT, H OTJHMYAIOTCH IJIABHBIM H3MEHEHHeM KPYTsLIero MOMeHTa
Ha TypOMHHOM Bajly NpH H3MEHEHUU ero yrJOBOH CKOpPOCTH.
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Tak xak KpyTsilllie MOMEHTHl Ha Be IyLieM H BeJOMOM Bajy THApO-
TpaHcgopmMaTopa PA3JHYHEl, TO, B OTVIHYKE OT XapaKTEPUCTHK THIPO-
MydT, Ha BHEUIHeH H YHHBEDPCATbHOH XapaKTepUCTHKE HAHOCSTCH
TP KPHUBBIE, BBIPAXKAIOUHE 3aBUCHMOCTH MOMeHTa Hacoca M,, Mo-
Menta TypOuHbl M; M K. M. I. M OT uucja OBGOPOTOB N, BEJOMOTO
- Basa. Ha npusenenHoit u or-
M HOCHMTEJIbHOH XapaKTepUCTHKe
AN HaHOCAT KpHBHIE H3MEHEHHUs
\\< K03((GUILEIeHTOB MOMEHTOB (A,

H Ay,) M OTHOCHTEJIbHBIX MOMEH-

t0B (M; u M,)B 3aBHCHMOCTH
\\ — OT TNepefaTOYHOTO  OTHOLIe-
N L HUS Q.
] B psize cayuaeB x ruppo-
I~ TpaHchopMaTopaM IpeLbsaBJIs-
ercsi TpeGoBaHHe, 4Y100Bl KPY-
i TAIUH MOMEHT, HarpyXarolmuil
¢ nBuraresb, OCTaBaJICs IOCTOSTH-
Puc. 200 HbIM NpH H3MEHeHHHM Harpy-
3KH Ha BeJIOMOM Bajy. Xa-
PakTepUCTHKY THApoTpaHcdopMaTopa, Y KOTOPOro MOMEHT Hacoca
YIOBJIETBOPSIeT YKa3aHHOMY TPeGOBaHHIO, HA3BIBAIOT «HENPO3PayHOM»
(puc. 200). Ecniu M,; wu3sMmeHsieTcss B 3aBHCHMOCTH OT IepelaTOYHO-
ro OTHOUIEHHs, TO XapaKTEPHCTHKY Ha3bIBAIOT «npo3payHoi». Ecau
C yBeJHuYeHWeM MoMeHTa M, OIHOBpeMEHHO YBeJHYHBAETCS U MO-
MeHT M,;, TaKyio <«IpO3payHOCTb» XapaKTEPUCTHKH INPHHATO Ha3H-
BaTh «IpsAMOH MPO3PaYHOCTHIO», ECJH XKe ¢ yBeJHYeHHEM MOMeHTa
M, wmomentr M, yMeHblIaercs, TO THApoTpaHcopMarop HMEET Xa-
PAKTEPHUCTHKY C «OOPATHOH IpPO3PayHOCTHION.
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§ 85. KOHCTPYKUHH T'HAPOTPAHC®OPMATOPOB

Kpusas n = f(n.) BHemIHeA XapakKTepucCTHKHM rupporpanchopma-
topa (puc. 197) noxasblBaeT, 4YTO MaXCHMAJbHBIH K. N. X. KOCTH-
raercsi TOJBKO NpH OJHOM ONTHMAaJbHOM YHCJe OCOpPOTOB BEIOMOrO
Bajla WJHM IPH OJHOM COOTBETCTBYIOIIEM ONTHMAJbHOM MeperaTouHOM
OTHOLIEHUH [, Ha NpHBeIEHHOH XapaKrepHcTHKe (puc. 198).

Ha Bcex gpyrux pexumax oOWHfl K. Nm. A. ruaporpaxcdopmarto-
pa, paBHBIN

N = MoMus

yMeHbllaeTcsl TJaBHLIM 00pasoM 34 CYET YBeJHUEHHsl I'HAPaBJIIeCKHX
NoTephb, YYUTHIBAEMBIX THADABJAHUYECKMM K. I. J. rHApOTpaHcopma-
Topa My. Ilpu 3TOM COBIMHBIA 7, H MEXaHHYECKHH K. M. J. 7, H3Me-
HSIOTCSl He3HauuTesbHO. Takum o6pasoM, npu HM3MEHEHHH Harpy3od-
HOTO MOMEHTa Ha BeIOMOM BaJjly THADABJMYECKHI, a BMeCTe C HHUM
¥ oOWMH K. I. A. CHAPOTpaHchopMaTopa yMeHbILAIOTCs.
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Pacimipenne 061acTH BBHICOKHX 3HA4eHMH K. M. J. TNPOU3BOIHUTCH
MyTeM KOHCTPYKTHBHBLIX YCOBEpIIEHCTBOBAHMH. Y COBEpLIEHCTBOBAHHS
MOr'yT OHITH CJenyIoLLHe:

1) npumeHeHHe JoMaTOK C 3aKPYIJIEHHHIMM BXOJHBIMH KpPOMKaMH
IJIsT YMEHbIIEHHS AOMOJHHUTENBHEIX YIAaPHBIX INOTEPb Ha HEPAaCUETHHIX
pexuMax;

2) KOHCTpYHpOBaHHe psiia IIApHHUDHBIX JIONATOK, ABTOMAaTHYECKH
NpUCNOCa6INBAIOIMXCA K TOTOKY C H3MEHEHMeM pexuMa paloThl;

3) npuMeHeHHe TMAPOTpaHCOHOD-
MaTopoB C OCBOGOXJAIOIIHMHUCS pe-
aKTOpaMH, KOTOpble IpH JOCTHIKe-
HHMH OIpeJleleHHOTO IepefaTo4yHo-
IO OTHOUIEHWS] M JOMYCTHMOTO CHH<
JKeHHs K. 0. 1. HAuUMHAWT aBToO-
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Puc. 201 Puc. 202

MaTHYeCKH CBOGOIHO BpallaTbCs B IIOTOKE IKHAKOCTH, MEpeBois pa-
6oty ruppotpaHcdopMaTopa Ha pexUM PaGOTHl THIPOMY(THL.

s Bcex Tpex ycoBepIIeHCTBOBAHHH HaHGOJbiIee KOHCTPYKTHBHOE
passuTHE TOJYYHJIO TocsefHee. Ha ocHoBe wHaeH 0CBOGOXKNAONIUXCS
peakTopoB CO3haH LeJbIH psJ KOMIVIEKCHBIX THApONepejgad M THJIPO -
MeXaHH4eCKHX TPaHCMHCCHI.

KomnnexcHoil ruziponepefaueil HasblBaioT mepefady, Koropasi
MOXKeT paboTaTb KakK THApOTpaHchopMaTop H Kak TUApoMydTa ¢ aBTo-
MaTHYeCKHM TIepeXOJOM C ONHOrO pexXHMa Ha JIPYrou.

PaccMoTpum  ocoGeHHOCTH  paboThl  KOMIJIEKCHOH THApomepenauu
(puc. 201), co3nanHOll Ha OCHOBE TPEXKOJIECHOrO THAPOTpaHC(opMa-
topa. Ha puc. 202 noxkasana xapakTepHCTHKa 3TOH THIApONEpenayd.
IMockoneky anreOpaudeckass cymmyma mMoMenToB (449) paGounx Kosec
M peakTopa paBHa Hymo, TO npu |M,|>|M,;| MoMeHT peakTOpa

3< 0, T. e. OH HampaB/leH NPOTHB HaNpaB/jeHHs BpallEeHHs Typ-
Ounpl. ITo Mepe ymMeHbIHeHHS Harpy3KM Ha BeIOMOM Bajly a6CoJIOT-
Hasg BesJuuYHHa MoMeHTa Mj; yMeHblIaeTcss W IpH i = iy, KOTAa
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[Mg| =|M,|, momenT M, craHoBHMTCS paBHBIM Hymo. [Ipu nane-
HelleM YMEHBIIEHHH HAarpyski H COOTBETCTBYIOUIEM YBeJHYeHHH
nepeiaTOYHOrO OTHOMIEHMs i > iy MoMeHT M; MeHsieT CBO¥ 3HaK,
HauuHas JeHCTBOBaTb B HAlpaBJeHHHM BpalleHHss pabouHx KoJjec.
B xommjiekcHO# ruapomepefage peakTOp B KOPIyCe yCTAHOBJeEH Ha
ob6ronsoii MydTe 4, KoTOpas MO3BOJISIET eMy CBOGOZHO BpAalLAThCA
B HalpaBJ/IeHHH BpallleHHs pabO4YMX KoJjec H HCKJIOYaeT BO3MOKHOCTb
BpallleHHs1 B MPOTHBONOJIOXKHYIO cTOpoHy. [TosTomy, moka moment Mg
HanpasJeH NPOTUB BpalleHHsl paGOuMX KOJeC, PEAKTOP HEeNOIBHKEH
¥ rugponepenaya paboraeT Ha pexkuMme ruapoTpaHcdopmatopa BNJIOTh
70 im. [lpu i>im, Kora MomeHT M; peficTByeT B HanpaBJeHHH
BpalleHusi, oO6ronHas Mydra oGecneunBaeT CBOOOIHOe BpallleHHe pe-
akropa noj feHcTBheM JelcTBylomero Ha Hero Mmomenta. [Ipu cBo-
6OHOM BpAalleHHH peakTOp YBJIEKaeTcsl TMOTOKOM XKHIKOCTH, He OKa-
3biBasi  GOJIBIIOTO CONpOTHBJeHHsA. IHe3HauuTesbHOE COMPOTHBJIEHHE
BO3HMKAaeT TOJbKO 3a CYeT TpeHHs B OOroHHOH MydTe H TmOrJola-
ercsi. MOXHO cunTaTh, 4To M3 0, u nostomy (449) npeoGpasyercs
B ypaBHeHHe (453), xapakTepHoe s TruapoMydT, T. €. THAPOTpaHC-
dopmatop npHu i < im paboraer Kak ruapomydra (cM. MpaBylO 4acTb
XapaKTepUCTHKH Ha puc. 202). B pajbHefilleM NpH MOBTOPHOM yBe-
JIMUEHUN HArpy3KH Ha TypOHMHY I@epefaTodyHOe OTHOUIeHWe yMeHblIa-
ercsi, U mpH i < im nepefaya aBTOMAaTHYeCKH IePeXOIUT Ha DPeXHUM
runporpascdopmaropa. M3 xapakTepHCTHKH BHIHO, YTO JAHANasoH
BLICOKHX 3HaueHHMH K. Il. 1. KOMIJIEKCHO! THApoONepefayH (CrJoLIHasi
JIMHHUS) 3HAUUTeJbHO BHILIE, 4eM TPEeXKOJeCHOro TrHApoTpaHcdopMa-
TOpa C JKeCTKO 3aKpeIJIeHHBIM peakTopoM (NYHKTHDHas JIMHHSA).
ot 3HaUNTENIbHOrO YBEJNHYEHHsT KPYTSLIEro MOMEHTa IBHraTess
U pacillMpeHHsl JManasoHa paGo4HX CKOpOoCTeH B BecbMa ILHMPOKMX
npefienaX C OJHOBPEMEHHBIM IIOBbILIeHWeM OOmiero K. M. 1. TpuMme-
HSIOT THAPOMeXaHHYeCKHe TPAHCMHCCHH, KOTOpble CKOMIIOHOBAHHI M3
KOMILJIEKCHOH THJpornepenayd M 3yGuatoro mnJanerapHoro nuddepes-
uuana. CoeauMHeHHe KOMIUIEKCHOH THApPONEpenayu ¢ mJaHeTapHbBIM
IuddepeHnuanom obecrneyrBaeT BO3MOXKHOCTb Iepefaud MOLLHOCTH
OT BENYyIEro Baja K BeIOMOMY NapaJ/ileJbHBIMM IIOTOKamHM dYepes
rujponepenayy M TIJaBHBIM oOpasoM Yepe3 3y0uaTble IJIaHETapHBIE
CTYTeHH TPAaHCMHCCHH. B TaKoii TpaHCMHCCHH COYeTaloTCsl JOCTOMHCTBA
TUponepeaayy ¢ NpeuMyllecTBaMH 3yOYaThiX MJIaHETAPHBIX mepefay.
['vipaBiuyeckass uyacTb TPAHCMHCCHH OGeCHeYHBaeT IJIABHOCTD,
4BTOMATHYHOCTL GECCTYNeHYaTOro H3MeHeHHsI CKOPCCTH BeJJOMOro Ba-
Jla TpH COOTBETCTBYIOIEM H3MEHEHHH HArpy3KH, a MeXaHuueckas —
GOJIbIIIHE COOTHOIUEHMs YIJIOBBIX CKOPOCTEH BENOMOrO M Bedyliero
Bajla NpH BBICOKOM 3HayeHMH ofmero k. I. A. TpaHcMmuccwu. Ha
puc. 203 mnoxasaH oceBOH paspe3 THAPOMEXaHHYECKOH TPAHCMHCCHH
aBTOMOOUJIS, y KOTOPOH IBMraTeNb, NPHCOEIHHSEMBbIl K TPAHCMUCCHM
cJieBa, NPUBOIMT B JBHMIKEHHWEe Hacoc 2 M TNapaJjesbHO uyepe3 Mydry
CUelVIEHHs] 6 SHEPrUs TepejaeTcs Ha LEHTPAJbHYIO [IECTepHIO MJa-
HeTapHOro audgepenunana 7, MHHys ruaponepenady. Hacoc mopaer
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pabouyio KHUAKOCTb B TypOUHY [ rujpomepefayd, KoTopas uepes
peaktop 4, YCTaHOBJNEHHBIH Ha OOroHHOH Mydrte 9, BO3Bpamaercs
B Hacoc. Basm TypGuHbl / coeflHeH C LEHTPaJIbHOH IIecTepHeH mJa-
HeTapHoro puddepeHunana 1 nepejaaer ed KPyTAIMKHA MOMEHT TypOHHbL.

Taknum oGpasoM, SHeprus IBUraTesis NpH NOMOUIM 3BeHa 2 pasjie-
JsieTcss Ha [Ba napaJuleJbHBIX TMOTOKa (4epes ruiponepenadyy u uepes
MydTy clensieHus), a 3aTeM CHOBa CYMMMDYeTCsl Ha BeAylleM Basy

Puc. 203

nJjaderapHoro nuddeperunuana 7. Ilocpencrsom puddepennruana o6o-
pOTHl yMeHbIIAITCS H MeXaHMYeckas SHeprus ¢ TpebyeMbIM YHCJIOM
060pOTOB M KPYTSUIMM MOMEHTOM uepe3 BeJOMBbIH BaJsl TPaHCMHCCHU &
nepefiaeTcsi Ha KoJjeca aBToMoOu/s. PaccMaTpuBaeMas TuIpOMeXaHH-
yeckasl TpaHCMHCCHSI — OeccTyneHYaTtasi, aBToMaTHyeckasi, TaK Kak
YUC/I0 O6OpPOTOB BEOMOro Basa & 3aBHCHT OT HarpyakKH Ha KoJjeca.
Taxaa rugpomexannyeckast mepejiaua pocta B yIpaBJeHHH H HaJexKHa
B paGote. Ecin MoMeHT Ha KoJlecax aBTOMOGHJIS paBeH MOMEHTY JBHU-
rartesis, TO TpaHCMHCCHS pabOTaeT B pexuMe THAPOMYy(TH, TaK Kak
peaxtop 4 ycraHOBJeH Ha ofromHoii mydre 9. s paccmorpenus
ycrpoficTBa M pabGoTHl THIPOMEXaHHYeCKOH TPAHCMHCCHH aBTOMOOGHJIS
BaKJIIOYAEM, YTO OHA caMa aBTOMATHYECKH YUHTHIBAET H3MEHEHHe Ipo-
(Gunsg goporn M MOXKeT IJIaBHO MEPeXOXHTh Ha JIPYTYIO CKOpPOCTb
JBHIKEHUsT HesaBUcHMO OT Bojgurens apromobuasi. (IloxpoGHoe omuca-
HHE KOHCTPYKLUHH TrHApoMy(dT H THAPOTPaHC(HOPMATOPOB CMOTDHTE
B kuure II. $I. Aunekcanosbckoro «I'HaponuHaMHuecKHe Iepefauuy.
Mamrus, 1963).
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§ 86. IPUMEHEHHE THIPOJHWHAMHWYECKUX MNEPEJAY

Hacto XapaKTepHCTHKH MalllHH, MEXJIy KOTOPHIMH HeOOGXOJHMO
nHepefaTth MeXaHHYeCKYI0 3HEPTHIO, He COOTBETCTBYIOT APYT JApYTY.
B pesysnbraTe TAKOTO HECOOTBETCTBHS MAallHHBI paGoTaiOT Ha HE3KO-
HOMHUYHBIX PeXXuMaXx, ¢ O0JbIIHMH Neperpy3KaMu HJIH HeJOTrPy3KaMHu
i 1p. CornacoBaHue XapaKTePHCTHK MAaIlHH MOXeT ObiTh HOCTHTHY-
TO IpUMEHeHHeM THIPOAMHaMHUecKHX Nepenau, OnHako mpu 3TOM
nepefaya yCJOXKHAETCS, NOABASAIOTCS JONOJHUTENbHEIE IIOTEPH SHED-
TUM, YCTPOHCTBa AJfA OTBOAA Temja U T. A. Ecau corsacoBaHue Xa-
PaKTepHCTHK IPH IOMOILLM T'HAPONEepefayd AaeT BBHIUTPBILI MO CPaB-
HEHHIO C OOUINMH 3aTpaTaMy, CBS3aHHBIMU C HCIIOJb30BaHHEM TIH-
pomepenaus, TO IpHMeHeHHe THApONepenaun UesgecoobpasHo. Kpo-
Me TOTo, M'MJApOJHHaMHYeCKHe Nepefadn HeecooGpasHsl MpH OCyille-
C1BJIEHHH IIJIaBHOT'O DPeryJupOBaHHA yucjaa 00OpPOTOB MaMIMH U CO-
3JaHMM aBTOMATHYECKHX TPAHCMUCCHI.

l'uapomydTe HCHOMB3YIOT AJs NpeNOXpaHeHHs ABUTATeed OT
OMacCHBLIX Teperpy3oK W H3MeHeHHus uyucaa o6OPOTOB Pas3JUYHBIX Ma-
muH, HeperynupyeMble THADOMY(TH NPUMEHSIOT AJs NpeIoXpaHe-
HUS MallluH OT ONAaCHBIX Neperpy3oK C OZHOBPEeMEHHBIM ROJYYCHHEM
HJaBHOCTH Tepeflayu KpyTsllero MoMeHTa. Perynupyemble rujapo-
MY]TH ABJIAIOTCA NPefOXPAHUTEJbHBIMH H OJHOBPEMEHHO I103BOJIS-
0T PEryJaHpPOBaTh YUeJo O06OPOTOB pasjuuubix Malind., OcoGeHHO
NOJIE3HBl OHM [JISi U3MeHeHHs1 YHcJa 060pPOTOB MalllH, IPUBOAMMBIX
b JBHKeHHe HeperyJupyeMbIM 3JIEKTPOJBUraTesNeM NepeMEeHHOTro TO-
ka. llesecooGpasHee Bcero peryjaupyemble IHAPOMYGTH TPUMEHSThH
IJisT MU3MeHeHHus ducja o6opOTOB JOMACTHBIX MAalIMH, MOUIHOCTH KO-
TOpPBIX TPOTOPHUHOHAJbHA KyOy uncsia 000pOTOB (TATOLYThEBbIE
BEHTHJISITOPHI, IeHTPOOEKHBIE HAacOChl), TaK KaK XapakTep H3MeHe-
HUS TepefaBaeMoro runpomydroil MoMeHTa (cM. 457) cOOTBETCTBYET
XapaKTepUCTHKaM YKasaHHBX MamuH. [Tox6op runpomydT npousso-
IUTCS TO XapaKTepUCTHKaM C HCIOJb30BaHHeM (opMmyasl (471) u
NCCJAENVIOIMIUM NMOCTPOEHNeM COBMECTHBIX XapaKTePUCTHK JBUTaTeb-
rugpomydra.

TunporpanchopMaToprl NPUMEHSIOT B COUETAHHH C 3JEKTPOJBHU-
raTejiIMH TI€PEMEHHOTO TOKa, Ta30BLIMH TypOUHaMHU, KapOopaTopHbI-
MH [OBUraTeJsIMH BHYTPEHHEro CropaHus U [HU3eJbHBIMH JBHTaTe-
JISIMH.

J1s1 mocTpoeHusi COBMeCTHBIX XapaKTePUCTHK arperara ¢ Iuipo-
TpaHcopMaTopoM HEOOXOAMMO pacnoJjaraTh XapaKTepHCTHKaMU
IBuUraTessi, CaMOTO THAPOTpaHC(hOpPMAaTOpa M HCIOJHHTEIbHOH Ma-
IwHHB, YToGH MOJYYUTh XapaKTEPHUCTUKY COBMeCTHOH paboTh mi060-
ro ABuratesss ¢ rugporpaHchopmMaTopoM, HeOOXOAMMO COBMECTHUTH
XapaKTEePUCTUKY ABHraTesNs C XapaKTePHCTHKOH HACOCHOTO KoJjeca
ruaporpancopmaropa. ToukH nepeceyeHus 3TUX XapaKTEPUCTHUK na-
10T XapaKTePUCTUKY HX COBMeCTHOH paboTH. 3Has BHEIIHIOI Xapak-
TEPUCTUKY aFperata JBHTaTeb-THAPOTPaHC(HOPMATOD H XapaKTepHc-
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THKY HCIIOJIHUTEJbHOM MaLIWHBI, MOXHO HalTH 3aKOH JBHXKEHHS 3TOH
mawuHel. [Tog6op ruaporpancdopMaToOpOB NPOH3BOAUTCS 10 Xapak-
TePUCTHKAM C MCIOJb30BaHHeM ¢opmyna (477). V3yueHune coBMecT-
HBIX XapaKTepPHCTHK M ONBIT HpPUMEHEeHHs TUAPOTpPaHCPOpPMaTOPOB
C pas3/JMYHBIMU [BHTATEJNSMH IO3BOJIIET PEKOMEHI0BaTh:

1) nns paGothl ¢ KapOIOPaTOPHBIM ABHraTesNeM BHYTPEHHETrO Cro-
paHus THAPOTpaHChOpPMATOpHl, UMeloIlve OOJbIIYIO «IPO3PAUHYIO»
XapaKTEePUCTUKY, TaK KaK NP 3TOM JIyyllle HCTOJb3YeTCs MOILHOCTD
JBUraTess;

2) ans paboThl C Au3eeM — THAPOTPaHCHOPMATOPH C MaJoH
«IIPO3PaYHOCTHIO» XapaKTEPUCTHUKH;

3) npu paboTe c HeperyJHpPyeMBIM 3J€KTPOABUraTeNeM NepeMeH-
HOTro TOKa — FMJAPOTPaHC(OpPMaTOp C «HENpPO3PayHOH» XapaKTepHc-
THUKOH.
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YACTh TPEThA

ObHEMHBIE THAPABJIHYECKHE MAIUMHBI U THAPABJIWYE-
CKHE ITPHBOJbI

PA3BOEJ |
OBBDEMHBIE THAPOMAILIHH bI

I'rasa cemuadyaras

OBUIUE CBEAEHHUS Ob OBDBEMHbLIX THAPOMAIUIWHAX
§ 87. NPUHUUN PABOTHl H HABHAYEHHE OBbEMHbBIX THJPOMAIIHUH

ITox o6muM HazBaHHeM OObeMHbie MaIlMHbBl 00BbEJUHSIOT 06beM-
HBle Hacochl ¥ rugpoaBurate’qu. O6beMHBIE HACOCH! CAYKAT AJsA HO-
[dUd XKHAKOCTH NOJ JaBJieHHeM, a THAPOJBUraTesN — JIJis npeobpa-
30BaHUSI HEPTHH [AaBJEHHs XKHIKOCTH B MeXaHHUECKYIO SHEpIHIO.
[TpunuunuanbHo a10608 0ObEMHBI HACOC MOXKeT paboTaTh B PEXH-
Me TUAPOJABHTATENs, €CJH B €ro IOJIOCTb NOJaBaTh MKHUAKOCTh MOJ
IaBJeHNeM, a ¢ Bajla CHUMAaTb MeXaHHYeCKYylo MOIIHOCTh. HecMmoTps
Ha TO, YTO B THADPOJBHrartese MNPOUCXOAUT OOpaTHBIH Ipouecc Mo
CpPaBHEHHUIO C HACOCOM, INPUHIMI AeHCTBHSA Yy HUX OJHHAKOB U OCHO-
BaH Ha BBITECHEHHH MaJOCXKHMaeMOH KHIKOCTH H3 3aMKHYTOrO 00'b-
eMa. OTyHuYKuTENbHOH 0COOEHHOCTBIO OO BEMHBIX M'MAPOMAIIHH SIBJISIET-
csl BO3BPATHO-NOCTYNATeJNbHOE HWJ/IH BpalllaTe/lbHOe JABHXKEHHe Bbl-
TECHUTEJISI, BLIIOJIHEHHOTO B BHJE CKOJIB3SIIEr0 WM Bpallatollerocs
nopiiHs. B oryuune OoT JonacTHEIX MallHH, B 06beMHOH THAPOMAIIH-
He M0J, HeNOCPeNCTBEHHBIM BO3JelCTBHEM IOPIIHS H3MEHSIeTCsl I10-
TeHIMaJ/ bHas SHeprus 1aBJ/eHHs NIPU NPaKTHUeCKH HEM3MeHHOH KuHe-
THYECKOHN 5Hepruu XUAKoOCcTH. [To3TOMY HHOrZa 0O6BEMHBIE I'HIpPOMa-
WHHBI YCJOBHO Ha3hBAIOT rHApocTaTHYecKHMH. [lo HasHaveHUIo 06b-
€MHble HacoChl MOXKHO pa3jiesquTb Ha Hacochl 1JIs1 NOJAYd BOABI U
LPYTHX KHJKOCTEl H Hacochl AJs TMApONnpuBonoB. ['mapoxsurartenu
NPUMEHSIIOTCS KaK COCTaBHAs 4acTb rujaponpuBoaos. Ilo KoHCTpyK-
41 00beMHbIe THAPOMANINHBl Pa3fe/sioT Ha IOPIIHEBbE, POTOPHO-
HOpIIHEBbIe, POTOPHO-IIIACTHHYATHIE U POTOPHO-3yOuaThle. B Kauect-
Be HACOCOB JJIA MOJaud BOABI U APYTHX XKHAKOCTEH NpeHMYIlecTBEeH-
HO HCIIOJIb3YIOTCSl Pa3J/IHYHBIE CXeMBbl NOPIIHEBLIX HacocoB. B o6bem-
HBIX THApOIepefayax H NPUBOJaX NPHUMEHSIOTCS BCe IepPedHC/IeHHble
BHABLI OCHOBHBIX KOHCTPYKTHBHBIX Da3HOBHAHOCTEH OOBEMHbBIX TH[-
pOMallHH.
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HOCKOJIbe NpH BBITECHEHUH H3 3aMKHYTOTIO o6beMa KamneJabHast
JHJIKOCTb CXKHMMaeTcsi OYeHb MaJio, TO JaBJjieHHe B 00beMe BO3pac-
TaeT A0 3HAauUHTEJbHbIX BEJHYHH:

Ap=Ex’Y, (485)

rge Ap — u3MeHeHHe JaBJIeHHsl NIPH H3MEHEeHHH 3aMKHYTOTO 0fbe-
mMa W Ha Besuuuny AW;
E — O0BeMHBI MOAYJb YIPYrOCTH C3KATHUSI MKHUIKOCTH.
3HayeHUs1 MOAYJA YNPYTOCTH XUAKOCTeH Eu npuBeneHws B § 1.
B onnoit ctyneHn 00beMHOH THAPOMAIUMHBI CO3[alOTCs HJu cpaba-
ThIBaloTCsl 60Jlee BLICOKHE HANOPHI XKHAKOCTH, YeM B CTYNEHH JIONACT-
HOH MalIUHBIL.

§ 88. OCHOBHbBIE NMAPAMETPbl OBbEMHbIX 'HJAPOMALIUH

JlaByieHue XHUIKOCTH p B O0ObEMHOH THApPOMAUIHHEe 3aBHUCHT OT
BHeIlHe#l Harpy3ku. TeopeTHuecky, T. e, IPH MOJHOH TepMETHUHOCTH
pabouero o6beMa, NMofaya HJIH Pacxol 0ObeMHOH IMIPOMAaLIUHbI He
3aBHCAT OT JaBJeHus, a BeJHUYUHY JaBJEHHS MOKHO NMOJNYYHTb CKOJIb
yrofHo 60JIbLIOH MyTeM yBe/lMYeHHs Harpy3KH Ha nopuieHb. [1pu He-
HW3MEHHOH CKOPOCTH MOPLUHs nofgaua Qp Oyaer mocTosiHHOH. OaHako
B IeHCTBHTENbHOCTH pabouuil 06beM C JBUXKYILUMCS B HEM NOpIIHEM
HEBO3MOXKHO BBINOJIHUTE a0COJIOTHO TepMEeTHYHBIM NpH J1060M aaB-
JieHHH. B CBSI3M ¢ 3THUM C pOCTOM BHeIIHeH HAarpy3ku OYyIeT HMeThb
MeCTO CHayajia HeGosblllas YTeuKa XKHJAKOCTH IO ONpeNesNeHHOro
npefena JaBieHHs, [IOC/Ie YEero HacTYIUT Pe3Koe YBeJUYeHHe YTeukKu
BILIOTh [0 MOJHOH TOTepH repmerudyHocTd. s oGecneuenuss Hop-
MaJibHOU paboThl 00BEMHOH THIPOMAlIMHbI MaKCHMaJbHOE [aBJle-
Hye OrPaHHYMBAIOT MyTeM YCTAHOBKH NPEeNOXPaHHUTENbHOI'O KjanaHa,
cpabGaThiBalOLlero B MOMEHT YyBeJMUeHHs BHeIUHeH Harpysku. Ilpu
9TOM OrpaHMYMBAETCS U caMa Harpyska Ha NOpLIeHb U JApYrue jaera-
LM TUAPOMaUIHHBL.

3aBUCHUMOCTh TOLAYM JKHIKOCTH OT JaBJeHHS HarHeTaHus, KOT/ld
4}CcJI0 0G0POTOB M BSI3KOCTb NOCTOSIHHBI, Ha3bIBAIOT XapaKTePUCTHKOM
nopiuHeBoro Hacoca, Ha puc. 204 nokasaHa xapaKTepHCTHKa MOPUI-
HEeBOro Hacoca IpH ero GecKaBUTallMOHHON pabote. Ha xapaxkrepuc-
THKe 0603HaueHo: Q — mojaya Hacoca; p — JaBJeHHe HarHeTaHHs;
1 — uucjo 060pOTOB B MUHYTY; Ag — yTeuka B pabouuX OpraHax Ha-
coca; Agy— yTeuka yepe3 NpefOXpPaHHUTENbHBIH KJamaH.

Touxka A cooTBeTcTBYyeT Hayaay OTKPHITUS NpPelOXPaHUTEJbHOTO
KJanaHa, Touka b — MOJTHOMY NepenycKy KHIKOCTH U3 HaTHETaTe/b-
HOH KaMepwl Hacoca BO BCaChIBAIOUIYIO 4Yepe3 MpefoXpaHUTENbHBbI
Kaanad. [Iyaktupom / ycjioBHO 0603HaueH y4aCTOK KPHBOM MpPH OT-
CYTCTBUM IIepenycKa XMIKOCTH yepe3 NpefOXpaHUTEJNbHBIN KJanai,
Bennuuna yteuku Ag onpenensieTcss BeJHYHHON 3230poB B paGoumx
opraHax, Bf3KOCTbIO KMAKOCTH M JaBJIeHHeM HarHeTaHUS.
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Teopernyeckass nmomaua (MpOM3BOAHTENLHOCTh) Hacoca Qp Hun
pacxon ruJpoJBUraTe/isi 3aBHCAT OT BeJHUYHHB paboyero o6bema ¢y,
YHCJa LMKJOB 7 B €IMHHIY BPEMEHH H MOXKeT ObITb HpeJCTaBjeHa
Kak Ipou3BeJeHHe

Qr= g.n. (486)

Hucnenno paBHasi CyMMapHOMY MOJIE3HOMY 06beMy paGOYHX Ka-
Mep rHAPOMAallMHbI BEJHYHHA ¢y NPEACTaBJAET COOOH TEOPETHUECKYIO
VACJNBHYIO NOJayy FMAPOMAIUKHBEl 32 MOJHBIA PaGouMi IHKJI

gr = 2q1r,  (487)
a - J.« rjie z — 4HCa0 pabGoyux Ka-

72=C0nst S T\ Mep JaHHOH THApO-
=(0. L ]
@ ANNSS 7 MalllHHbI;

gi1r — 00beM OfHOU paGo-
\2 Yyeil KaMmepH.
S Takum o6pasom, yaesin-
Has mojaya oObeMHOM THJ-
5 pOMamuHbl NpeaCcTaBJIsSeTCH
o 2 4 € &8 “/o 0 CyMMapHbIM OGBEMOM pa-
6ouell KaMepbl M 3aBHCHUT
Puc. 204 OT ee pa3MepoB.
JlaBjeHue XUAKOCTH p, AelCTBYIollee Ha paboune 3JeMeHThl THA-
poMaliiHH (MOCTYNAaTeIbHOTO ABHXKEHHs), CO3AaeT paboyee yCH/He
Py = pQy, (488)
3nech @y — akTHBHAs IJIOWAAb IOPILHSA.
B cayuae ruJpoMallvHBl BpallaTeJbHOTO IABUXKEHHS JaBjeHHE p
cosjaer MOMeHT M, Ha BaJy, paBHBIH
My = Kyp, (489)
rie Ky — NMOCTOSIHHBIN KO3((pUIHMEHT MOMeHTa, 3aBUCAIUMHA OT pas-
MepOB M KOHCTPYKLUHH THAPOMAalIMHBL
TeopernHueckasi BesJHYHHa KO3(Q@HLHEHTa MOMeHTa Ky MOXKeT
OBITh ONpejesieHa yTeM CpaBHeHHsA O6ILed GOpMYbl 1/ MOLIHOCTH
Hacoca Npu 3aMeHe B Hell pgH = p, ¢ BplpaxeHHeM MOILHOCTH Ng
yepe3 KPyTAWUH MOMeHT N = Mo, T. e.

pQT = MT‘”y (490)

rje © — yrJoBasi CKOpPOCTb BaJia POTOPHOH T'HADPOMAaLIMUHBL
U3 Boipaxenus (490) oueBuaMO, 4TO

10 <

QT l
u, caenosarenbto, Ky B ¢opmyne (489) pasen
Ku =2t (492)

HefictBuTenbHasi BeJHYHHA KO3(@HIMEeHTa MOMEHTa Olpeleds-
€TCsi C YUeTOM K. 1. 1. 00beMHO} rufipoMamiuHsl 1. ITonHb# K. 0. 1.
FUApOMallliHbl HAaX0AAT NO obuiefi ¢opmysae 1 = 1oluNr.
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I'mppasanyeckue notepd B 0GbEMHBIX IHApPOMAIIMHAX, OLEHHUBA-
eMble KO3 (QUIHEHTOM 7, He3HAUHTeJbHb], H MO3TOMY MOXKHO CUH-
TaTb, 4TO Ny =~ | M NOJIHBIH K. 1. 1. paBeH

N = NoMu- (493)

CocraBass ypaBHeHMe Gananca mouHocTH (490) oTaenbHO AJs
H4COCa U THIPOABHUTATENS, TIOJTYUHM:

nisi Hacoca pQ = muMyoy; (494a)
1751 THApOABHratens: pQmy = Mzo,. (4940)
Takum o6pasom, KpyTALlUI MOMEHT Hacoca paBeH
= Q@ 5 M
My = — p=-P- (495a)
KpyTsaumuii MOMEHT TUJPOABHUraTess
Q7 .
My = (,,_np = Kugp. (4950)
A

YTeukn UAKOCTH Yepe3 HelJIOTHOCTH B OG'beMHOH IHApOMAILIHHE
VUUTBIBAIOTCS OOGBEMHBIM K. I. [JI. 7)o, BEJIHUYHHA KOTOPOrO 3aBUCHUT
OT KayecTBa NPHUMEHseMbIX YIJIOTHeHu#A. MexaHuyeckoe TpeHHe YUH-
THIBA€TCS MEXAaHUYECKUM K. I . 1)y, B&JIMYHHA KOTOPOro 3aBHCHUT OT
netepb Ha TPeHHe B YIJIOTHEHMSX, NMOJIUIUIHUKAX H Ip.

[Tone3nywo MomHOCTL Hacoca Ny ompenesnsiioT IO THIpaBJHye-
CKHM IapaMeTpaM B BHJE IPOH3BeJeHHs

No =22 om, (496)

a TIOJIE3HYI0O MOIHOCTh THAPOABUTATENA NJI — 110 MeXaHHYECKHUM Ia-
pamerpam: IJd rmlpo,u.BnraTe.neﬁ NOCTYINIAaTe/bHOI0O JABHXKEHUSA

Po
rjae P — nognesnoe yCcHuJiHe Ha IOpIIHE,

U — CKODOCTb IODLIHA,
JJ14 FI/I,E[pOﬂBI/II‘aTeJIBI:I BpaliaTe/JbHOI'O JABHXKEHHA
M o
_ AR
Nn 102
rie My — KpyTSilUMil MOMEHT THIpPOABUraTelIs;

W, — yIVIOBasi CKOPOCTb BaJia ruapoABHrartesist

§ 89. PABOYHE )XUJAKOCTH OBBEMHbIX 'HAPOMALUIUH

B saBucuMocTH OT HasHayeHHs OGBEMHOH THAPOMALIMHBI paboueii
XHAKOCTbIO MOTYT OBITb BOJA, He(TsAHbIE Macsaa, CHHTETHYECKHE
KHUJAKOCTH, CIHPTO-IJIMLEPHHOBAs CMeCb M Ap.

(4976)
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O6BbeMHBIE HACOCH], CyKallye IJsi NOJAYd KHAKOCTH MO JaBJe-
HMEM, KOHCTPYHDPYIOTCS C yYeTOM CBOHCTB IlepeKauyHBaeMOH KHIKOCTH.

[NpunnvnuasbHO O6bEMHble T'HAPOMAIUMHEI TI'HAPONPHBOLOB MOTYT
paboTaTb Ha BCAKOH KalesJbHOH JKMIKOCTH, TaK KakK BCe KareJbHble
KHUJKOCTH CrHOCOOHB! MepejaBaTb SHEPrHI0 B LIHPOKOM JAHanasoHe
naejenuil. OHAaKo He Kaxpnas JKHIKOCTb OJHHAKOBO IesecoobpasHa
IJ15 3aJaHHBIX YCJOBHH.

Pa6ouasi XHIKOCTb THApONepejadd BHIIOJNHSET CBOIO OCHOBHYIO
(YHKIHIO NPOMEXKYTOYHOH Cpefbl H OLHOBPEMEHHO SBJSETCs cMa-
30YHBbIM BelleCTBOM. B cBfi3M ¢ 5THM K HeHl NpenBsBJSIOTCS MPOTH-
BopeuHBble TpeGoBaHus. [l yMeHBLIeHHS YTeueK XKHIKOCTH 4epe3
YIUIOTHEHMs 3KeJiaTeJbHO 10400paTh MKHAKOCTb, OOpasyIOLLylo Npoy-
HylI0 MacjsHylo njeHkKy. Ho 1718 yMeHbLIeHHs: TpeHHs KUJKOCTH
W THJpaBJIMYeCKHX IIOTepb LeJecoo0pasHO NOAGHpaTh KHAKOCTb C Ma-
JIOH BSI3KOCTBIO.

Hanpumep, uncras Boga uMmeeT MaJyl0 BSI3KOCTb, XMMHUYECKH CTa-
6uibHa, Hele(HIHTHA, HO He oO6JajfaeT CMasOYHLIMH H aHTHKOpDO-
SHHHBIMH CBOHCTBaMH.

HauGosnee mosHO OCHOBHBIM TpeGOBaHHAM K pabOUuM KHAKOCTSIM
0ObeMHBIX THIpONepenad yAOBJETBOPSIIOT MaJsoBs3KHe He(dTSAHbE Ma-
cna BBICOKOH ouucTKH. OIHAKO M HX Hesb3sl CYMTATh HJeasbHBIMH,
NO3TOMY CO3JaHbl M CO3[AlOTCS HOBble CHHTETHUYECKHE 3IKHIKOCTH U
NpHCAaJKH K He(TsHBIM MacjaM, KOTOpble YJY4YIIAloT HX CBOMCTBA.
CpoiictBa paGoueil KHIKOCTH TaKKe OKa3bIBAlOT BJHsHHE Ha 3(dek-
THBHOCTb, PaGOTOCHOCOGHOCTb M JOJITOBEYHOCTh IepefayH, MO3TOMY
npyu BeibOpe paboyell XUIKOCTH YUHTHIBAIOT HE TOJBKO OCOOGEHHOCTH
nepefayn, HO M KauecTBO caMOH XHAKOCTH. K paGouum KHIKOCTSIM
NpelbsABJAIOTCS CJefyIomue TpeGoBaHUS.

1. Pa6oune »XHAKOCTH B VIJIOTHEHHSIX NOJKHBI CO3JaBaTh INpOY-
Hyl0o MacasiHylo mseHKy. CrenyeT npH 3TOM OTMETHTb, UYTO 3HAuH-
TeJIbHOE yBeJIMYeHHe NPOYHOCTH MAacC/sHOH INJIEHKH yXynmaeT paboTy
rHjpoannaparypsl.

2. Ilns ofecrneueHHs] BHICOKOH TOYHOCTH M 6e30TKasHOCTH paoTHl,
a TakxKe GOJIBIIOTO CpPOKA CJYKObl MeXaHH3Ma HeOOXOLHMO, YTOObI
Macja o6Jiajiaju BHICOKMMH aHTHKOPPO3HHHBIMH CBONCTBAMH H XOpO-
wed crabuJIBHOCTBIO. DTO TpeGoBaHHe NpHOOpeTaeT ocofoe 3HAyeHHe
B caydae joutesnbHoit pa6othl. KopposuiiHas arpeccHBHOCTb Hedrs-
HBIX Maces MoxeT ObITb NoHHXKeHa no6aBkoi 0,5-+1,0% nHekoTophIX
XKUDHBIX KHCJIOT HJH 3(upa. DTH INpHCAaZKH 06pasyloT Ha MOBEpX-
HOCTH MeTaJljla TOHKHE 3allluTHble IJIEHKH, NpeJoXpaHsIolliHe OT OKUC-
JIEHHsl MacJ/o ¥ IOBEPXHOCTb MeTaJja.

3. PaGouasi XuiKoCTb OOGBEMHOH IHjponepeiays JMAOJXKHAa HMeTh
OTHOCHTEJIBHO MaJylo BSI3KOCTb M XOPOILIHEe BS3KOCTHO-TeMIIepaTypHble
cBoiicTBa. IlpuMeHenHe HeTAHBIX Maces ¢ MaJsioil BSI3KOCTBIO yMeHb-
LIaeT NOTepH Ha TpeHHe, obecnieynBaeT GOJIBLIYIO YYBCTBUTENLHQCThH
H TOYHOCTh PabOTHl anmHapaTyphl.
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4. Ilns obecneyeHusi 3aJaHHO# paGoOTOCIIOCOGHOCTH MeXaHHM3Ma
HYXHO, 4YTOObl pa6ouasl JKHIKOCTb OBLIa OJHOPOJNHOH M TILATENbHO
NpoQUILTPOBAHHOM.

5. Pa6oune KHJIKOCTH He JOJXKHH BbI3bIBATb HAOyXaHHA M pac-
TBOPEHHSI YNJIOTHHTEJbHBIX MPOKJAJO0K.

6. PaGouasi XHUJIKOCTb OOBEMHBIX THJIPaBJIMYECKHX MeXaHH3MOB
JIOJMKHA HMMeTb CTaOWJBHBIH MOAYJ/b YIPYrocT H oObeMHBHIH Bec. B
CBSI3U C 3THM Macjo He JOJIXKHO IIOIJIOWaTh H BBIJEJNATb raskl B pa-
GoueM juanasoHe TemmepaTyp. IlocTosiHCTBO MOIy/st ynmpyrocTd npu-
ofpetaer oco6oe 3HaueHHe NpH GOJIBIIHX AaBJEHHSX.

7. OnHUM W3 CBOMCTB XKHUAKOCTEH SBJIseTCS CIOCOGHOCTH pacTBO-
pATH BO3JAyX. PacTBopsieMocTb BO3qyxa B paGouMX KHIKOCTAX I03-
BOJIAET OODBACHUTb psJi SIBJeHHH, BO3HHKAIOMIMX B THADPABJIHYECKHX
MeXaHH3MaX: yMeHbllleHHe IpPOH3BOJUTENbHOCTH HACOCOB, HapylleHHe
pPaBHOMEPHOCTH Xoja rujppojsurarenei u jap. s obGecnevenus yc-
TOHYMBOH paboThl THApONEepenayH HeoOXOoAuMo, 4YToObl paboyast Kuj-
KOCTb BO3MOXKHO MeHblle cojiepajla pacTBOPeHHOro BO3JyXa.

8. 3HauuTesnbHOE BJMSIHHE Ha paboTy peryJHUpYIOLNIUX YCTPOHCTB
(3os0THHKOB, jpoccesiefl M Jp.) OKasblBaeT CKJOHHOCTb pPaGoYMX
x)ujakocrell K obnurepanuu. Ilox obsurTepanmeil MOHUMAOT 3apaliyuBa-
HYe TIPOXOXHOTO CEUEHHs] NMOTOKAa AKTHBHBIMH YaCTHIAMH, BBIEJSIIO-
ILMMHCA U3 TIpoTeKaomel XKHuAKocTH. O6auTepayuss 3aBHCHT OT MHO-
rux (akTopoB, B TOM YHCJe OT CBOHCTB KHIKOCTH M MaTepuaJa cTe-
HOK KaHaJoB.

OKcrepUMeHTaJ/IbHBIE HCCJAEeNOBaHUsl OOJUTEpAIH ITOKAa3bIBAIOT, YTO
NOCJIe/IHSAST BbI3BaHA IIPOIECCOM aJCOpOUUH IOJSIPU30BAHHBIX MOJIEKY I
JKHJIKOCTH,

ITonsipusoBaHHbEle MOJIEKYJBEl, HaKJaJblBasCh Ha IOBEPXHOCTb Ka-
Hana, o0Opa3yiloT (DUKCHPOBAaHHBIA TpaHUYHBIA CJIOH, KOTOPBIH 06Ja-
JlaeT MHBIMH CBOMCTBaMH, yeM pabouas XuaxocTb, O6nautepaunusi Mo-
)eT ObiTh 3HauutesnbHa (0,1 0,3 mm) H BBI3LIBAET BaMETHOE H3Me-
HeHHe pacxoja XHAKOCTH B peryJupyloImux ycrpolctBax. Kpowme
CBOHCTB paGouell JKHAKOCTH W IOBEPXHOCTH KaHaJOB, OOJHTEpanus
3aBHCHT OT pexXHMa ABHXKEHHS H TeMIlepaTyphbl.

IlepeuncsieHHbIM TpeGOBaHHAM YAOBJCTBOPSIOT HedTsaHble MacJa,
CBOHCTBA KOTOPHIX NpHBeJeHH B Tabn. 1 u 2 (cM. mpujoxkenue V).

I" 2a6a ocemnadyamas
MOPIIHEBBIE HACOCHI AJ1s1 NMOJAYM BOAbl U JAPYTHX
JXUAKOCTEH

§ 90. CXEMbl YCTPOXICTBA U PABOYMi1 MPOLECC MOPLIHEBbIX HACOCOB

INopmneBble Hacochl [/ NOAA4d BOJBl M ADYTHX XKHUAKOCTeH
NpPEJCTAaBJASAIOT COGOH mpocTefiine OGbeMHblE MAaLIMHBI C BO3BPATHO-
NOCTyNaTesJbHBIM JBHIKEHHeM TODIUHA B IHUJIHHIpE.

Cxema NpPUBOJHOTO Hacoca IPOCTOrO AeHCTBHS IIpejcTaBjeHa Ha
puc. 205. B uunungpe 2 nopweHp / coBepliaeT BO3BpPaTHO-NOCTyNa-
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TeJbHOe [BHKeHHe. [IpH IBMKEHHM TOPIIHS BIPaBo 00beM paboueit
KaMepsl 3 yBeJIMUHBAeTcsi, a JaBJeHHe B Hefl yMeHbIIAeTcs, ¥ KUJ-
KOCTb M3 pesepByapa uepe3 BCAChIBAIOIMi KJjanaH 4 mocrynaer B
paGouyio Kamepy. Taxk NMPOMCXOJMT IpoLecC BCACHIBAHHSI TPH 3aKphi-
TOM HarHetaTe/JibHOM KJjanase 5. Ilpu JBHKeHHH NOPLIHS BJIEBO 3a-
NOJIHEHHBIH XHIKOCTbIO 06beM pabouell Kamephl yMmeHbliaercs. [las-
JieHHe B KaMepe IIOBbIIAeTCA; MOJ JeHCTBHeM JaBJeHHs BCachIBalo-
IIMH KJanaH 3aKpHBAaeTCsi, a HarHeTaTesIbHBIH OTKPHIBAeTCH, U XKHI-
KOCTb M3 paGoued KaMephbl BHITECHSITCs yepe3 HarHeTaTeJbHbI KJa-
naH B HanmopHeli TpyGonmpoBox. [aJsee npH BpalleHHH KpHBOLIMMNA 6

/ 2
’ Puc. 205
OINKCAaHHBIH IHUKJ NOPIIHEBOrO Hacoca MNOBTOPSETCS.
PaGouuii LUKJ NOPIIHEBOrO Hacoca XapakTepHayercs HHAMKAaTop-
HOY JMarpaMMoli, Ha KOTOpOH rpagHyecKH H300paKalT H3MeHeHHe
JlaBJIEHHsI B LWJIMHJIpPE 3a OAMH IOJHBIH 060pOT KPMBOILHIA.

Ha puc. 206 usobpakeHa HHAWKATOpHAsl JUarpaMMa COBEpLIEH-
HOro MOPLIHEBOrO Hacoca. B 3Tom ciyyae yTeukH KMIKOCTH 4epes
KJlanaHel U NOpIIEHb OTCYTCTBYIOT, KJamnanel paboTalor 6e3 mepe-
KDBITHSl M He CO3Jal0T THIPABJIHYECKHX CONpOTHBJeHHH. JIuHMA cd
COOTBETCTBYeT MNpollecCy BCachiBaHMsi, JHHHS ba — mpoueccy HarHe-
Tanusi. IlOCKO/NBKY CXHMaeMOCTb KHIKOCTH Maja, TO JHHHH ac M
db BepTHKasbHb. Hekoropoe KoJseGaHHe [aBJeHHsi B Hadaje BCachl-
BaHHs (TOYKa €) H B HayaJe HarHetaHus (Touka b) CBf3aHO C OT-
KPbITHEM KJIallaHOB.

[lpn Hanuyuu HeMcIpaBHOCTEH B Hacoce MHAMKATOPHBHIE IHArpaM-
Mbl MOTYT OTJIHYaThCsl OT NOKasaHHOH Ha puc. 206. Tak, auarpam-
ma I (puc. 207) xapakTtepHa 1/si Hacoca, y KOTOPOro HaG.ofaeTcs sa-
nasjiblBaHHE 33KPBITHSI HarHeTaTeJIbHOrO KJjamaHa,a jauarpamma II—
NpH 3anasiblBAHUH 3aKDHLITHSI BCACHIBAIOIIETO KJamaHa.

VsMeHeHHe MHIMKATOPHEIX IMAarpaMM MOMKET NPOMCXOAHTb M IPH
JAPYTHX HEHCIPAaBHOCTAX MJM MpH INOMaJaHHM BO3LyXa B LUJIHHID.
Ilnomans MHIMKAaTOpHOH IMAarpaMMbl B M3BECTHOM MaciuTaGe paBHA
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pabote, coolIaeMoll KHAKOCTH MOpILHEM 32 OZHH OGOPOT KPHBOIIHU-
na. Ecau nuomane HHIMKATOPHOH JAHArpaMMbl pasiefuTh Ha XOf,
HOPILIHA Sy, TO NIOJIYyYHM CpejiHee HHANKATOpHOe HaBJeHue p;. CooTBercr-
BYIOILasl IaBJIEHHIO p; MOLLHOCTb Ha3bIBAETCS HHIUKATOP HOH MOLIIHOCTHIO:
N — P2 Sont
60 - 102 ’
rie Q, — nJomany NOpIHs, Mm%

Sg — XOJ MOpILIHSA, M;

n— yycao paGoyHX XOIOB B MHHYTY.

[Nonaua (npoOH3BOAMTENILHOCTD) MOPIIHEBOIO HAcoca OINpejessiercs
KaK IpoH3BeleHHe OGbeMa KHI-
KOCTH ¢, BBITECHSIEMOTO IOpLIHEM P- - 4
3a OiMH paGoyHH XOJ, Ha YHUCJO 2| |a 6
pabouyx XONOB N B €JHHHLY Bpe-
MeHH, T e. 10 ¢opmyJse (486):

(498)

DZ
QO = qn =" ‘u—‘r‘ Son, (499)

rie D — nuaMeTp MNOPLIHS; 0 a

Mo — OOBEMHBIH K. I. J. Ha- ) (-——m— =" o] ‘i
coca; A

So — XOJI TOPLIHS. §=21 R
JocTtorHcTBOM MOPLIHEBBIX

HAacocoB SIBJISETCSI HX CIOCOG- Puc. 206

HOCTb K caMoBcachiBanuioo. Ilpu

3anycke NOPIIHEBOM HACOC MOXKeT BBIKA4aThb M3 TNOJIOCTH BCACHIBAHUS

BO3JlyX H NO3TOMY He HyKJaeTcs B IpeJBApHTENbHOH 3aJIHBKe.

P I I

i . ér P _____/‘“a 7
|

|

41 —————- a4 - H— — - — — — o d-
W
: S
~ SBL_ paan :
Puc. 207

B oTHOmIeHHH BeJMYHHBI NOJA4YH BO3MOXKHOCTH TOPIIHEBBHIX HACO-
COB OrpaHWueHbl, M TOSTOMY JUIsi BOJAOCHAGXKEHWsi STH HACOCHI NPH-
MEHSI0TCS TOJBLKO B PEIKHX CJydyasx, KOrja HCTOYHMK BOLBI HAXo-
NIUTCS. HA 3HAUYMTEJBbHOA IJyOHHe, a JTeOUT ero HeGOJBLIOH.
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Ilonaua mopiiHEBOro Hacoca BBHAY NepeMeHHOH CKOPOCTH MOpI-
HA — OyJbpCHpyomas. [ljsi yMeHbIIeHHs NyJbCALMH MXKHIAKOCTH B
MOPIIHEBOM Hacoce NpejycMaTpHBalOT BO3AYIUHBE Kosnaku (puc. 208),
nepexolaT Ha JH(QgepeHmHanpHYIO cxemy Hacoca (pue. 209) su6o

NPHUMEHSIIOT HAacoChl JBOHHOTO JIeHCTBUSA

. ——— A (puc. 210) ¥ MHOrOLHJHHAPOBHE CXeMBI
HacocCoB.
Henemamens- ~ £, IvddepenunanbHbie NOpIIHEBbE Ha-
Hbih kenpaK o

cocel (puc. 209) OTNHYAIOTC OT HACOCOB
npocroro JelcTBHs Gojlee paBHOMEPHOH

2, 7jf

h
Be 5
+ %
xavd
72 ‘_‘:
7 -
// —_-:.
/
/ 4
Puc. 208 Puc. 209

nojadeli, TaKk Kak IIOJIHAsA Iojaya 3a JABOHHOH XOA pacnpejessercs
paBHOMEpPHO MexJ1y XOJaMH. B sTMX Hacocax mpu xofle MJyHikepa I
BIpaBO INOJyyaeTcs paspexkeHHe B Kamepe A HajJ BCachbIBaIOL[HM
KJalaHOM, M OHa 3anojHsieTcss XHAKocTblo. ONHOBpeMeHHO oGheM
KHUAKOCTH (paBHBI 00beMY IUIYHKepa, BHIXOAfIIEMY H3 BHYTPEHHeld
[I0JIOCTH Hacoca) BBITECHSeTCS U3 HANOpHOH KaMmepbl b mpu 3akphi-
TOM HarHeraTeJbHOM KJanmaHe 5. Ilpu obpaTHoM Xoie (BJ1eBO) Bca-
CHIBAMOIIUA KJ/alaH 3aKpblBaeTcsd, M MOCTYMHBIUUH IO 3TOrO B Kame-
py A o0GbeM KHAKOCTH BHITECHSIETCSl M3 Hee UYepe3 HarHeTaTeJbHBIN
KJanaH. Bejnuumna IpoH3BOAHTENLHOCTH JH(depeHHaNbHOTO I0p-
IHEBOrO Hacoca ompejedsiercst 1o gopmyJe (499).

Hacocel mBoiiHoro geiictBus (puc. 210) uMeloT JBa BcachIBAaIOLIHX
U JiBa HarHeraTeJbHHIX KJamaHa. B 3THX Hacocax mojaua KHIKOCTH
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TIPOMCXOAHUT B MepHON NpSAMOro H O6paTHOrO Xoia, H IO3TOMY INoOfa-
ya onpefensercs no ¢opmyJie

2 2
Q =710 (2 —2E) son, (500)
rie mo — OOBEMHBIN K. I. 1. Hacoca;
D — nnamerp nopiuHs;
d — nuameTp ILTOKa;
Sy — XOJ, TOpUIHS;
1 — YHCJIO IBOMHBIX XOLOB NOPIIHS (YHCJIO0 0GOPOTOB KPHBOLIKMA).
Besienicteie  HepaBHOMEDHOTO
IPVIKEHUs]  TIOPUIHA  CKOPOCTb -
JKMAKOCTH, JaBJieHHe H Tofava I t |/ 2
TNIOpILIHEBOrO Hacoca H3MEHSIIOTCS L
c teueHnem Bpemenu. Cienoa- 75

TeJIbHO, JBUXKEHHE XKHUIKOCTH Oy- T
IeT HeyCTaHOBHBILHMCS. I 4 _
Ilpu HeycTaHOBHBLIEMCH JBU- [ ,
JKEHHH XHJKOCTH B ypaBHEHHH T
J.BepHynad HeoGXOOUMO YUHTHI- (B —
BaTh BJHSHHME MHEPLHOHHOIOHa- \/
nopa fyy: ﬁh L6
P1 v* P2 Hz* f 43
4 — Ay =— =2 —= | 7777 777y
1 T gy TR T == =
|~ floos]1 ¥
02 4 ___[ooo N
+ ‘122—2 + Bhye + Aun. (501) 1 209 4
g 4 77777z /

Huepunonnsli Hamop /Ay npen-
craBjsier co0ofl pa3HOCTb 3Hayge-
HU#l  YIEJbHOH TOTEHIHaJbHOH 3HEPrHH BO BTOPOM H IepBOM ce-
YeHUSIX B JAHHBIH MOMEHT BpeMeHH, OOYyCJOBJEHHBIH YCKOpeHHeM
U TOPMOMKeHHEeM KHUIKOCTH NpPH ee HEYCTAaHOBUBILIEMCS IBUIKEHHH.

Ilpumenss ypasuenue (501) mis kpalHHX ceueHHil BcachiBawmweil
JUHUM Hacoca (puc. 205), nosayuuM (opMysy onpelesieHHS BaKyyM-
MeTpPHYeCKOH BBICOTHI NMOPILIHEBOro Hacoca Hay:

Puc. 210

- 2
HB p— u = th + Ehgc —I— aitﬁ —l‘ hHHs (502)
pg 2g

rie hp. — reoMerpHueckasl BBICOTA BCAaCHIBAHMSI, CUMTasi OT pacuer-
HOro YypPOBHSl BOJBl B NPHeMHOM pe3epByape JO HaHBBIC-

Ied TOYKM BHYTPEHHEH INOJIOCTH LMJIHHAPA HACOCa;

Eh,,g — CymMMa BceX TOTepb BO BCachiBawollleM TpPYyOGONpOBOIE;

v
1 .
%5z ~— CKOPOCTHOH HaNoOp BO BCACHIBAIOLLEM TpyGonpoBoze;



Ayy — VHEPUHOHHBIN JHATNOpP, 3aBHCALIMH OT HEPaBHOMEPHOCTH T10-
JauH, OT MAacChl M YCKOpDeHHsl CTos6a JKHAKOCTH, KOTOpO-
My coofliaeTcsi HepaBHOMEPHOE IBHIKEHHE.
a5 HamexkHOCTH mosydeHHoe no ¢opmytie (502) sHauenue momy-
CTUMOH BaKyyMMETPHYECKOH BHICOTHl Hypon JOMKHO YIOBJIETBOPSTH
YCJIOBHIO

s TR (503)
P8
rae p; — JaBJIeHHE HACBHILIEHHBIX NMApOB XKHIKOCTH NpPU NAHHOH TeM-
neparype.
BenvunHa HHepPIMOHHOrO Hamopa Ay, Ompeiessercss mo ¢opmyiJe
12n%s2D2L x
han = 15500 (1 "r‘)’ (504)

rfie n — 4YUCcJ0 O6OpOTOB KPHBOIIMMNA, 00/MUH;
So — XOII, TIOpIIHA, M;
D — nuaMeTp HOpIIHA, M;
d — nuamerp BcachlBamollel TpyGH, M;
L — pnuBa yyacTka BcachlBaiowiero TpyGOIpOBOZa, B KOTOPOM
HMeeT MeCTO HepaBHOMEpHOe [BHIKeHHe, M;

r — pajuyc KpHBOIIMNA, M;

X —uyacTb XOjia TOpILHSI, COOTBEICTBYIOLIAs JAHHOMY YIJy IO-
BOpOTa KpPHBOLIMIIA.

Ws ypaBueuns (504) BHmHO, uTO A,y MMeeT MakcHMajbHOE 3HAUe-
Hue B Havaje xojga nopuiHs. Ilpu onMHAKOBEIX YCJOBHAAX pPabOTHI
JONyCTHMAasl BLICOTA BcachlBaHHA GyneT GoJibllie Y HACOCOB C BO3AYMI-
HBIM KOJ/INaKOM Ha BCAachIBAlOMIEH JWHHHM, Tak Kak OH obecleuHBaeT
GoJsiee paBHOMEpHOE [BHKEHHE XKHIKOCTH IO BcachlBaiolleMy Tpyoo-
TIPOBORY .

XapakTepHCTHKH NOPUIHEBLIX HACOCOB OTJIHMYAIOTCA OT JIOMACTHBIX
MaJjiblM H3MEeHeHHeM IIOJayd IpH YBeJWYEeHUH NOTPeOGHOTO [aBJeHHs
B HanopHoM TpyGompoBoge. C yBeJHUeHHEM CONpPOTHBJEHHS TpPyGO-
npoBoia norpebJsieMass HacoCOM MOIIHOCTb pPEe3KO BO3pacTaeT, a Io-
Jaya ocTaeTcsl IOYTH INOCTOSHHOH. [losTOMy INOpHIHEBEle HACOCHBIE
VCTAHOBKH paspeliaercd NycKaTb B paloTy TOJNBKO IIpH He6OJbLIOM
IPOTHBOJABJIEHHH B HalOpHOM TpyGOMpOBOZe, T. €. IPH OTKPHITOH
3a/(BHIKKeE.

§ 91. TPA®UKH MOJAYHU MOPIIHEBLIX HACOCOB

[Ipu paccmorpeHuH paouero Ipolecca NPOCTEHIIMX IOPIIHEBEIX
HacocoB Oblia cocramieHa ¢opmyna (499) mis onpefeneHHs BeJHYH-
Hbl cpefHeli nojaunm Hacoca. OnHakKo B KaKIblf MOMEHT BpeMeHH
MIHOBEHHAsl TOfaya ¢ OTJHYaeTcsl OT CpeLHero 3HaueHHs M 3aBH-

334



CHT OT yrJa moBopora Basja KpuBommna (puc. 211). Ias Hacoca
NpOCTOro AefCTBHSI MIHOBEHHAs Iojaya paBHA

g = Quon. (505)

[MockosbKy NPUBOX MOPIIHS B NAHHOM CJydae OCYLIECTBJISETCS
KPHBOLIMIHO-IIATYHHLIM MEXaHH3MOM, TO TiepeMellleHHe X [OpLIHs
MOXKHO OIpeJe/IuTh B 3aBHCHMOCTH OT YIJa ¢ NOBOPOTAa KPHBOLIMMA
0 ypaBHEHHIO

x=r(l —cos¢) 4 /(1 —cosp). (506)-
S . ro.
Tak kak cosp=11—sin?B u sinf=qysing,

TO

cosB=l/l—(—ri)2sin2<p-

N
(507)
PassoxuB npasyio yacts =l
Boipaxennss (507) mo Gu- o
Homy Hprlotona u orpanu-

YMBIIUCh JBYMS  NEPBLIMH Q =
4eHaMH pAa3sJioXeHHus, To- n=
JyYHM
Puc. 211
1(r\?
cosf=1—3 (7) sin? . (508)

ToncraBus 3HaueHne cosB B ypaBnenue (506), mosyuum
x=r(1——-cos<;>+ %;—:sinch)- (509)

Huddepennupys dynkuuio (509) mo BpeMeHH, HalieM ypaBHeHHE
IJiSl ONpefe/eHHs] CKOPOCTH IOPIIHS Up:

d . 12, . 1
vnzd—fzr(smcp—[-g%2smcpcoscp):~§. (510)
d
3ameuasi, uTO Z? = ® — yIVIOBasl CKOPOCTb KPHUBOLIUINA, IOJIYUUM

BeJIMYHHY CKOPOCTH MOPLIHS:
2
vn=rm(sincp—|—2l;—2sin2cp). (511)

r2
Tax kak B GosbLUHHCTBe C/Iy4aes 3 < 0,2, To MOXHO NpHOJH-
JKEHHO CUHTATh:
x=r(l —coso) (512)
H
Un = resineg,
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CriefioBatesibHO, TMONCTaBJsIs U, 0o ypasHeHuwo (511) B (505), mo-
JyuuM ¢opMyJy IS OnpelesieHHss MTHOBEHHOH MOJayu:

q = Qurosine. (513)

)7

NN

o &i 0 Y377 23 T 4377 837 27T
<C,
\EN Y/

©
b

Q:; \/ 'S‘)\/ \\// \>/-'
NV \ \ \

Ly o \ \ \i

0 2 T 3T 2A

Puc. 212

Taxkum o6pasoM, MrHOBEHHAs IOJaya MPHBOJAHOrO IOPILHEBOro Ha-
coca MpOCTOro JeHCTBHS H3MeHSETCs IO CHHYCOMAAJbHOMY 3aKOHY.
Ecan no ocu adcumcce (puc. 212) oOT710XKUTH ¢, @ IO OCH OpAUHAT
g, To moayuuMm rpaduk momayu Hacoca ¢ = f(¢). Ilmomans, or-
paHnWueHHass KpPHUBOH ¢ M ocbio abcuucc, OyAer MPONOPLHOHAIbHA
00BEMHOMY KOJIUYECTBY KHAKOCTH, HarHeTaeMoiffi HACOCOM IpH [OBO-
poTe KpHBOIIMIA Ha yroa ¢. MakcumanbHas mnojaya Hacoca uMeer
mecto mpu ¢ = 90°:

Gmax = 2pro. (514)

(7
OrHoweHne §n = —fﬂ XapaKTepH3yeT HepaBHOMEPHOCTb MOXa-
cp

Yy HacoCa H HasbIBaeTCHd KOS(I)(I)HILHQHTOM HepaBHOMEPHOCTH IIOAA4H.
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Taknm of6pasoM, 1Ji1 Hacoca NPOCTOro JeHCTBHA Ko3ddHiHeHT He-
PaBHOMEPHOCTH paBeH

Ilis Hacoca IBOHHOrO NeMCTBHSI MIHOBEHHasl Iojada onpefeJsisier-
cs no Toil ke ¢opmyse (511):

g = Rrosineg, (515)
a cpefHsiss TeopeTHyecKas npu Ry <0
Gep = 49,,!71,
nosroMy Ko3¢dulueHT HepaBHOMEDHOCTH Hacoca IBOHHOrO HeficTBuA
Oy = Imax _ @ =
T g 49y T 27

Orcrofia ciefyer, YTo Hacochl ABOHHOrO AeHCTBHS MMEIOT GOJIbIIYIO
paBHOMEpPHOCTb INOJA4YH, YeM HAacochl NpocToro geficTBus (pHc. 212).

§ 92. KOHCTPYKLUHH NMOPWHEBBIX HACOCOB AJIsSI MOJAYHU BOAbI
U JPYTUX )XUJIKOCTEH

ITo BuLy TNpHBOJHOrO MeXaHH3Ma IIOPIIHEBEIE HACOCHl PAa3JENSIOT
Ha JiBe OCHOBHble TpDYNIB: INpPUBOXHHIE H mapoBble. OOmwel ocoGeH-
HOCTbIO BCeX IMOPIUHEeBHX HAacoCOB SIBJISETCS TO, YTO HX HOjaya oOT-
JiHyaercs OINpefeJeHHOH HepaBHOMEDPHOCTBIO M MpPaKTHYeCKH He 3a-
BHUCHT OT [|aBJIeHHSI HarHeTaHHS.

Jlpyras ocoOeHHOCTb NMOpPLIHEBBIX HACOCOB — HX OTHOCHTE/bHAs
THX0X0ZHOCTb. OZHAKO NMOpIUHEBble HACOCHl M B HACTOSIIIEe BpeMs
LIHPOKO NPUMEHSIOTCS AJs MONAYH Pa3JHYHBIX KHIKOCTEN MpU Ma-
JIBIX pacxofax U OOJbHIMX JaBJAeHUsX, UTO 00bACHSETCS CJAeRYIONHU-
MH UX JOCTOMHCTBaMH: 1) BBICOKHM K. II. [.; 2) GOJIbUINM JaBJIeHUEM
B 0JHOH cTymeHH; 3) Xopolle#l BcachlBaollell ClIOCOOHOCThIO; 4) BO3-
MOXKHOCTbIO NPHMeHeHHS! UX (IPH COOTBETCTBYIOIEM KOHCTPYKTHB-
HOM o(OopMJIeHHH) [J51 NepeKaykKH CaMblX Pa3HOOGPAa3HBIX KH/IKO-
cTell — ropsyux M XOJAOAHBIX, BA3KHX M BeCbMa TEKYUYHX, UHCTHIX H
CO B3BEIIEHHBIMH HPHMECSMH, B TOM 4ucjae M abpasuBHBIMH, C IIO-
CI10O9HHOH H INepeMeHHOH BSI3KOCTbIO H JIp.

[IpuBogHEIE Hacochl CHa6XeHbl KPUBOIIMMHO-INATYHHBIM Mexa-
HU3MOM W NPHBOJATCH B JeHCTBHe IBUrarteseM MOCPEJCTBOM Iepe-
IauHu,

[TapoBele NpsIMOAEHCTBYIOLHE HACOCHl, Y KOTOPHIX HaBjeHHe Ma-
pa Ha nmopilleHb NapOBOTO LUM/IMHAPA NepefaeTcss NPSAMO Ha NOpILUeH
nwacoca (puc. 213), He UMEWT KPHBOLIHUIIHO-UIATYHHOIO MeXaHH3Ma.

[IpeumMylecTBa NapoBHIX NPSIMOAEACTBYIOUIHX HACOCOB COCTOSIT]
a) B NIPOCTOTe KOHCTPYKLHMH; 0) HafeXHOH H CIOKONHOH paGore;

22 A, A. Yruuuyc
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B) MpOCTOTE PEryJHPOBaHHUS MOJAYH M3MEHEeHHEM uucjaa XOHO0B Mop-
IiHs TyTeM M3MEHeHHs] MOJayy Mapa B MapoOBOH LMJIHHIAP; T') OTCYT-
CTBHM ONMACHOCTH NOXKapa NpPU NepeKauke JIErKOBOCH/IaMEeHTIOUUXCS
KUIKOCTEH.

Cioenyer OTMETHTb, YTO NapoBble NPSIMOAEHCTBYIOIIHE HACOCHI
BecbMa HEdKOHOMMUYHBI 10 pacxony napa. ITostomy uenecoo6pasHo
OJIHOBPEMEHHO C NMPUMEHEeHHeM MapOBLIX HACOCOB JMJS MOBBILIEHHS
9KOHOMHMYHOCTH YCTAHOBKU INPEAYCMaTPUBATh HCIOJb30BaHHE OTpa-
60TaHHOTO B Hacoce napa JJs TeXHOJOTHUECKHX HJIH OBITOBBLIX IeJefl.

O7Z7774 ¥2,77777. 9
QU T
NS

A
N //////////\/; X
ol
7.7 WY
e ——— |

S —
I Ty e rrrrrrrrrrrrry yyrrrrrzr/ Y
I 2 T T |

g.
%

22X 777 Rl

Y

Puc. 213

[TapoBele HacOCHl IPUMEHSIIOTCS IJIst IepeKauKy MPECHOH d coJie-
HOH BOJBI U TeMHBIX He(TENPOAYKTOB NpHU TeMmepatypax mo 100° C.

Ha puc. 213 nokasaH paspes npsiMOJ€eHCTBYIOLIEr0 MapoOBOro Ha-
coca JBOMHOTO HefCTBHS.

[IpuBoaHbIe NOPUIHEBble HACOCH MNPUMEHSIOTCH IJIsS IepeKauku
BOJBI, TJIMHHCTOTO PacTBOPa, 3aTPSA3HEHHON BOXAbBI, HepTH U APYrUx
TeMHBIX HedTenponykroB. OHN NPHUBOATCS B NBUMKEHUE JIEKTPOABHU-
rateqsiMH W JABUTaTeNIMH BHYTPEHHEro CropaHus uepes 3yOuaTyio
HUJIY peMeHHYIO Nepejayy M KPUBOIUUIHO-IIATYHHHIH MEXaHHU3M,

T'rasa desarnadyaras
POTOPHO-NOPUWHEBDBIE TMAPOMAILUIUHBI

§ 93. YCTPOMCTBO U NMPUHLUN PABOThHI
POTOPHO-NIOPMIHEBBIX THAPOMAIIHH

Ilonaua ofHOUMIMHAPOBLIX MOPIIHEBBIX HACOCOB OTJHYAETCS
60JbIIOY HEepaBHOMEDHOCTbIO. DoJiee paBHOMEPHYIO MOZAUY KHUIKO-
CTH MOJXKHO IOJIYYHTb NMyTeM NpHMeHeHHS MHOTOIHJIHHADPOBBLIX IOpII-
HEBBIX MalUMH, UUJIHHAPH KOTOPHIX 00beAUHEHH B 06uIH#A 6J0K. Bol-
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TeCHeHHe XKHUJKOCTH B MHOTOIMJIMHAPOBBIX MallMHAX MPOM3BOAUTCS
MOC/IeIOBATENBEHO HECKOJBKHMH MOPLIHSIMH, NPUBOAMMBIMH B [BH-
JKeHUe HEeNOCPeACTBEHHO OT ABUTaTessl BPallaTe/bHOTO IBHIKEHHS.

Takue MHOrOUUJIHHAPOBBIE NOPIUHEBbIE THAPOMAIIHHBl Ha3bIBAIOT
pPOTOpHO-NOPIIHEBEIMU. B 3aBHCHMOCTH OT cnoco6a MpuUBeNEHHs MOP-
IUHeHd B ABHXXEHHUE Pa3/IHYaloT POTOPHO-NOPIUHEBBIE MaLIHHBI C Bpa-
IAIOIHUMCS H HENOJBHXKHBIM OJOKOM. LIMJIHHADH Moryt GHITH pac-
HOJIOXKEHbl pajfuaJbHO M aKCHAJbHO 1O OTHOIIEHHIO K OCH 6JOKa.
Ecan uunueaps B GJIOKe PacmoJIOXKeHBl pajHalbHO, TO TaKHe THJL-
pPOMAaLIMHBE Ha3bIBAIOT pPajuajbHO-NOPLIHeBHIMHM. [Ipu akcuasbHOM
pacnoJioKeHH UHUJIHHIAPOB B GJIOKe 'MAPOMALIMHBI Ha3bIBAIOT aKCH-
aJIbHO-TIOPLIHEBBIMH.

XapakTepHOH 0COGEHHOCTbIO GOJIBUIMHCTBA POTOPHO-NMOPUIHEBBIX
MalluH SBJSETCS OTCYTCTBYE BCACHIBAIOIIUX M HAMOPHBIX KJaMaHOB.
OTa 0c06eHHOCTH NO3BOJISIET NPUMEHSTh HX NPH GOJBIIOM uyucae 060-
poTOB.

B poTOpHO-IOPIIHEBHIX FUAPOMAIIHHAX HET OGBIYHOTO KPHBOUIMII-
HO-LIATYHHOTO MeXaHM3Ma, HO KHHEMATHUeCKOH OCHOBOH HX SABJsI-
IOTCSl MHBEPCHH KPHBOLIMIHO-IIATYHHOTO MeXaHH3Ma.

PoropHo-nopineBble THAPOMAIIMHEL TOJ YYUJIH LIHPOKOE MpPHMe-
HeHVe B OObeMHBIX THAponepefayax M mnpusogax. Mx ucnosbsyior
B KayeCTBe HACOCOB IIOCTOSIHHOH W NepeMeHHOH NOJa4d U rUAPOIBH-
ratejefi BpamiateJbHOrO JABHXKEHHS C IIOCTOSIHHBIM H II€peMEHHHIM
KpYTSIIUM MOMEHTOM.

B pannanpHO-mOpIIHEBEIX THApoMaumHHax (puc. 214) porop ! pac-
MOJIOKEH SKCIIEHTPHUHO OTHOCHTeNIbHO crartopa 2. B potope mpocsep-
JIeHbl pajHajbHble LUJIHHApPHYeCKHe OTBepcTHs (uu/uHApbl). Ilopminu
3 mpHu BpaluleHHH pOTOpa COBEPIIAIOT B NHUJIMHAPAaX BO3BPATHO-TIOCTY-
nate/ibHOE JIBUXKeHUE, CKOJb35l CBOMMH C(hepHUeCKHMH TOJIOBKaMU I1G
BHYTpEHHell IIOBEpPXHOCTH cTatopa. JJOHBIIKH IHIHHAPOB HMEIOT CKBO3-
HBle pajguaJjbHble OTBEPCTHS @, KOTOpHle COOGIIAIOTCS TO C BEPXHHM,
TO C HUJKHHM CerMEHTHBIM BBIPE30M B paclpelenuTesbHOH nande 4.
CerMeHTHBle BHIpe3bl Landbl pasieseHbl NMeperopoixoél U o6pasyroT
JlBe KaMephl: IpY HanpapBJeHMH BpalleHHs pOTOpa IO YacoBOH CTpeJ-
Ke B BepXHeM Bblpe3e GyJieT BcachBaolas KaMepa, a B HHKHeEM —
HarHerartesnbHas. [lopiidH, coeiHHeHHBle B JAHHBII MOMEHT BpeMeHH
C BepXHHM Bblpe3om B nande 4, nBHrasch OT OCH BpallleHHsl, Bca-
CHIBAIOT JKMAKOCTh M3 BEPXHEro BhHIpe3a B CBOM [MJIMHIPH U BMecTe
¢ Bpamawmmumcs GJIOKOM, MPOHAA YIVIOTHHTEJBHYIO NeperopoiKy La-
ndel, NepexofsT B HUXKHIOKO IMOJOBHHY MAalIWHEL, 3Jech MNOPLIHH,
IBUrasicb K OCH BpauleHHsi 6JI0Ka, BBITECHSIOT KHIKOCTb MOJ JaBJe-
HUEM B HIJKHUH CerMeHTHBIH BbIpe3 mandsl, T.€. B KamMepy Harde-
Tanus. Takum o6pasoM, NpH HeNpepHIBHOM BpalleHHH poTopa Ipo-
HCXONHUT Tojiaya XHUAKOCTH M3 KaMephl BCACHIBAHMA B HarHeTartelb-
Hylo KaMepy. Ilpu momade »XHIKOCTH TOJ JaBJieHUEM B BEPXHHH BHI-
pes nandsl poTOp Bpalldaercs, OTBOAA KHAKOCTb Uepe3 HHXKHHUH B
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pes pacrnpeflesuTebHOR HANH, T. €. paiHaNbHO-TIOPIIHEBAss THAPO-
MalliHa paboTaerT Kak THIPOABHraTelb.

Ha puc. 215 noxasaHa aKCHaJbHO-TOPIIHEBAS THAPOMALIMHA C
HaKJIOHHBIM JHCKOM (w1afifofl), y KOTOpoH GJOK / HMeeT LUIHHIpPH-
YecKHe OTBepCTHs (LHJIMHAPH), MNapaulebHBe €ro OCH BpalleHHS.

no 6-6

ne A-A
[ p——
PLERRRRRNANNY
A 1
4 >
N
& 3

A N AN ANNNY

Puc. 214

[Nopumny 2, BHITANTKHBAaE€Mble W3 LUJIHHAPOB INPYKHHAMH, YIHpa-
I0TCS1 CBOMMH c(epHUYeCKHMH TOJIOBKaMM B HEMOJBMIKHBIH HaKJIOHHBIH
puck 3. Ilpu Bpamenuu 6Ji0Ka yNHpalOUKecs B IHMCK MOPIIHH CO-
BEpILAIOT OTHOCHTENBHO LMJMHADOB BO3BPATHO-NMOCTYNATEIbHOE ABH-
kenue. B kpriike 4, K KOTOpOH pOTOp IJIOTHO MpHJIEraerT CBOHM
TODIIOM, HMeloTCsl [iBe AyrooOpasHble KaHaBKH 5, pasjiesieHHble YII-
JIOTHUTEJIbHOH meperopofkoil 6. OnHa H3 KaHAaBOK coofuiaercss cO
BcachiBaroLle#l JIHHHeH, a Jpyras — c HanopHoil. Bo Bpems Bpaie-
HHs GJIOKA JIOHHbIE OTBEPCTHS LHJIHMHAPOB, INEpeMelasicb 10 Jyro-
00pa3HbIM KaHaBKaM, COEJHMHSIIOT IIOJOCTH LHJHMHIPOB TO C BCACHI-
Baloied JiHHHe#, TO C HamnopHOH. B MoOMeHT, KOrja [OHHOE OTBep-
CTHE TIEPEXOJUT TePeropofky 6, 3amoJHMBIIAS [AHHBIA LUJIHHAD
XKHUIKOCTb NEPEHOCHUTCA U3 TMOJOCTH BCACHIBAHHA B MOJIOCTH HarHe-
TaHU.

Ecau B akcHa/IbHO-NIOPIIHEBYIO MalIMHY NOAAaBaTh KHUAKOCTb IO
JaBJIeHHeM BO BCACHIBAMLIYI0 IIOJOCTb H OTBOIMTH Yepe3 HarHera-
TeJbHYIO, TO OHa Gyfer pa6oTaTh Kak THAPONBHraTesb BpallaTesb-
HOTO JIBUXKEHHS.
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TMockonbKy KHHeMaTHYecKOil OCHOBO¥ POTOPHO-MOPIIHEBLIX MalIHH
SIBJISIOTCA WHBEPCHH KDHBOLIMMHO-IIATYHHOrO MeXaHH3Ma, TO pac-
CMOTpeHHble BbIlie ypaBHeHHs (498) u (499) nnsa ompenesenus oc-
HOBHBIX TapaMeTPOB OJHOLUHJIHHAPOBBIX MOPIIHEBBIX MAaUIMH MOXKHO

T
.\.\
=7
- % 174
VS XSS

Puc. 215

IPHUMEHUTb U JJS pacuyera OCHOBHBIX IapaMeTpOB pPOTOPHO-TOpLIHE-
BHIX MAIIMH C Yy4YeTOM KOJMYeCTBA LMJIHHAPOB M HX pacloJIOMKeHHs:
B 6JIOKE.

§ 94. PAIHAJIbHO-ITOPIIHEBBIE HACOCbl U THIAPOABUTATEJIH

V3 cxeMbl pajfua/bHO-TNOPLIHEBBIX THAPOMALIMH BHJHO, YTO I0faya
panHasbHO-IIOPLIHEBOrO HACOCA 3aBHCHT OT BEJHYHHBI SKCHEHTPHCH-
TeTa e. B perysupyeMeIXx Hacocax 3KCIEHTPHCHUTET MOXKHO H3MEHSTh
IO BeJUYHHE CMeIeHHeM CTatopa B HampaBJsiomux Kopmyca. Ha
puc. 216 mokasaHa KOHCTPYKTHMBHAsl CXeMa PeryJHpyeMOro pajualb-
HO-TIOPIIHEBOr0 Hacoca C JeBATbIO IHMIMHApaMH. B Kopnyce I yc-
TaHOBJIEH CTATOp 2, B KOTOPOM 3KCIEHTDHYHO pAacIOJIOKEH pOTOp 3,
BpallAIOIMACT Ha HENOIBMKHOH pacmpelenutesbHOd nande 4. B
sToil 1ande BbIpe3aHbl pacHpejlieJMTe/bHble NMashkl M KaHaJH, Yepes
KOTOpHlE IIOABOJHTCA M OTBOAMTCA XHAKOCTb. CTaToOp YCTaHOBJEH
Ha pame &. IlopmHH 6 cBOMMM pOJIMKamH 7 CBfI3aHbl CO CTaToOpOM,
B KOTOpPOM CJeJIaHBl JJIi STOrO COOTBETCTBYIOMIMe KaHaBKHM. Pama &
MOJKET NepEeMEelaTbCs M3MeHssl 3SKCLUEHTPHUCHTET e NPH IOMOUIH Me-
xanuama 8. Ban poropa 9 coeguHsercs ¢ IBuratejeM. B pacmpe-
IeJquTesibHOH [ande IOJOCTh BCaCHBaHHS OOO3HayeHa wuudbpoi 1/,
a wHarHerauust — 10, Oreepctus 12 u I3 cOefHHEHHl C IIOJIOCTBIO
pacnpefe/uTeJbHEIX I1a30B OCeBEIMHM CBepJieHHsAMH B nande 4 u ciy-
KaT JJisi [PUCOEIHHEHUS BCACBHIBAIOIIEIO H HANOPHOTo TPYyOONpPOBO-
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na. Cratop ycTaHOBJEH Ha paMe Ha LIapUKONOAIIMNHUKax I4. Ban
Ieuratess I6 coeinuHsieTcs ¢ BajgoM 9 poropa NpH MOMOIIHM KyJad-
KoBOH MydTel 15. Ilpn peryaupoBaHnM Hacoca pamMa 5 nepemelna-
eTcsi B Hanpasaswomux I7.

CpepHiol0 mofayy pajHa/bHO-NOPIIHEBOrO Hacoca Q, MOXKHO OIl-
peleauts no obwel c¢opmysne (486), BbIpasuUB Xoj MNOPILHSI Uepe3
SKCIIEHTPHUCHTET e:

2 2
Qo=¢qgn =m %szn =1, % ezn, (516)

rae 2 — YMCJIO TOpIIHeH;
d — JuaMeTp MNOpLIHSA;
€ — 3KCIIeHTPHCHTET;
5 = 2e — XOJI MOPLIHA 1O UHJIHHIDY.

MrHoBeHHas mojaya Q, paAHa/bHO-TNOPLIHEBOrO MHOTOLMJIHMHAPO-
BOrO Hacoca OnpezesseTcss CyYMMapHOH MIHOBEHHOH IIPOH3BOAHTEJIb-
HOCTBIO TOpIIHEH, OJHOBPEMEHHO HaXOJAWMXCS B IOJOCTH HarHeTa-
nua. Ecau ofuiee 4ncsio HMMJIMHIPOB paBHO 2, a B IIOJOCTH HarHe-
TaHHA HaXORUTCA 7 -+ | IMJIMHIP, TO MIHOBEHHas IIOfaya BCero pa-
JUaJIbHO-TIOPIIHEBOI O Hacoca onpefessercss o ¢opmyJe

k=n k=n
d? . 2
Q¢P=Eqk=nof4—ewzsm(cp+—; ) 617)
k=0 k=0

CpaBuuBast ¢opmyay (517) ¢ ¢opmy.oit (513), 3ameyaem, yTO pa-
IHaNbHO-NOPIIHEBble HACOCHl OTJIMYAKTCs ropasfo GoJbliedl paBHO-
MEpHOCTBIO NOAAYH, TaK KaK XXHJAKOCTb OJHOBPEMEHHO IIOJAIOT He-
CKOJIBKO CIBHHYTHIX IO (pase nuiuApoB. ONBIT NMoKasbiBaeT, 4TO pa-
JHaJIbHO-NOPIIHEeBLle MAMIMHBI C HEYEeTHBIM YHCJIOM LHJIHHIPOB HMEIOT
6OJIbIIYI0 DAaBHOMEpPHOCTb NOAAYH, 4YeM IIpH GouzkaiimeM GOJbLieM
YeTHOM uHcJje nuauHApoB. IlosToMy uHCIO nNopuiHel y paiMajbHO-
NOpIIHEeBHIX MAallMH, Kak NpaBHJO, NPHHUMAIOT paBHBM 5,7 H 9.

KpyTamu#i MOMEHT pajuaJbHO-NIOPIIHEBBIX T'HApOJBHraTesel, Tak
e Kak M Mojlaya HacocoB, H3MeHsieTcsi B 3aBHCHUMOCTH OT yIJia Io-
BOpOTa pOTOpa B Y3KHX Npelesax, TaKk Kak CyMMapHbli MrHOBEH-
Hblll MoMeHT M, npenctaBjsieT coGoifl CyMMy MOMEHTOB, CO3JaBaeMbIX
[OpIUHAMH, HaXONSIHUMHCS B IIOJIOCTH HarHeTaHHs:

M, = 2 My, (518)

Tle m,— TeKyllee 3HaueHHe MOMEHTa OJHOrO MOPILHS;
n + 1 —y4Hcao mopiiHeH, HaXOAAWMXCS B IIOJOCTH HarHeTaHHs.
Ha xaxzplii mopieHb, Haxonsuufics B JaHHbII MOMEHT B MarH-
CcTpaju HarHeranus {puc. 214), gnefictByer cusa P or JaBleHHs
KHJIKOCTH:
nd?
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rlle p — JaBJieHHe B INOJIOCTH HarHeTaHHs;

d — nuameTp MOPIIHA.

Cuna P opuHakoBa JJisl BCeX IIOpUIHeH, HAXOAALIMXCS B IOJOCTH
HarHeTaHHd.

Ee MOXHO pa3/loXHTb Ha COCTaBJsomyl0 N, HOPMaJbHYIO K OK-
PYXHOCTH CTaTopa, M TaHTeHLHasbHYyI0 T, NepneHAVKYJSDHYIO OCH

nopwHs. HopmanpHasi cocrabasiomas N = s TPHKHMAeT cepn-

YyecKHe TOJIOBKH INOpIIHEeH K CTatopy H OmpefesserT BeJHYHHY CHJIbI
TpeHus B Touke KoHTakTta C. TaHreHuuanbHas cocrasisiomas T =
= PtgB na muieye r = 0,C co3paer KpyTsiiuil MOMEHT Ha Bajy po-
Topa MauMHel. Tekyiee 3HayeHHe MOMEHTa OJHOIO NOPIIHS PaBHO
nd?> _ sinf
mk_Tkrk'—pTrkc_os—B’ (520)
rie
re =0,C =ecos¢ + R.

Hs A0,0.C sinp =% sin@ ¥ TIpH MaJOM OTHOLIEHHH % = 0,08 +-

-+ 0,09 MoxHO cuuTaTh cosf = 1.
CrepoBatesibHO, ypaBHeHHe (520) MOXHO NpeiCTaBHTh B BHIE

meg=p ”T‘izrk;—‘,sin Pk, (621)

H CYMMaprIﬁ MIHOBEHHBIH MOMEHT panuaJibHO-NIOPUIHEBOrO0 THApPO-

ABHrartesas paBeH
k=n

M?=p’$% Erksin(<p+2—;‘k). (522)
k=0

OueByzHO, YTO KPYTSAIMH MOMEHT pPajHaJbHO-NOPLIHEBOrO THADO-
Asurartens OyZeT TeM GOJblue, yeM OoJiblle SKcHeHTpHcHTeT e. Mame-
Hsisl SKCLEHTPHCHTET, MOXKHO peryJHpoBaTb KpYTAILMHA MOMEHT Ge3
H3MEHEHHsl JaBJIeHHs] NMOJaBaeMOll KHIKOCTH.

K HejoctatkaM pajuanbHO-NOPUIHEBBHIX HACOCOB M THAPOJABH-
rarejei cijefyer OTHeCTH GOJIbLIOH MOMEHT HMHEDIMH POTOpAa M THXO-
XOHOCTb ¥3-32 GOJIBIIHX PAcCTOSIHMH JO TOJIOBOK MOpIIHEH.

§ 95. AKCHAJIbHO-NIOPUIHEBBIE HACOCbl M I'MJAPOIABUTATEJIH

AKcHasbHO-TIOpIIHEBbIE HAacOChl M THAPOABHIATENH — BBICOKOOGO-
POTHLIE peryJiHpyeMble OObeMHbIE T'HAPOMAILHHBL.

B sTMX rujpoMamHHax OCM LUJMHAPOB (MOpIIHEHA) pacroJsioXeHsl
napaJuiesibHo ocH GJIOKAa PaBHOMEPHO IO OKPYKHOCTH ry. DTO Iesaer
MallHHy GoJiee KOMMNAKTHOH, yMeHbIIaeT MOMEHT HHepIHH poTopa H
MO3BOJIIET YBEJHYHTb CKOPOCTb BpAlLEHHS.
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[NpunuunuaibHash cxeMa aKCHAIbHO-NOPILHEBBIX ruapoMamuyy (§ 93)
NOKashiBaeT, YTO IOJauya aKCHAaJbHO-NIOPLUIHEBOTO HAacoca 3aBHCHT OT
yrjla | HakKJOHHOrO JucKa (mai6e). B peryaupyeMbiXx Hacocax
yroJ 7 MOXKHO H3MEHHTb NOBOPOTOM JHCKAa OTHOCHTEJNbHO OCH, Iep-
NeHAUKYJSIPHOH OocH Bpaienus Gnoka. Ha puc. 217 nokasana Kom-
CTPYKTHBHAsi CXeMa peryJHpyeMoro akcHaJjibHO-TIOPIIHEBOTO Hacoca.
Hacoc cocrour u3 6Ji0Ka LHJIMHAPOB I, HMeIOMEro OOBYHO 7 HiH 9
napaJijieJibHO PaclosioXeHHBIX IIMJIMHAPOB. B KaxIoM LUIMHIpE Tepe-
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Puc. 217

MeljaeTcsi MOpIIEHb 2, ONHMpAIONIMHCT HA HAKJOHHBEIA JuCK 3, 3a-
KpenJIeHHb! IIpY TOMOLIM YIOPHOro MNOAIIMMNHHKA Ha oboiMe 7, Ko-
TOpasi coellMHsieTcsi ¢ KopmycoM Hacoca. OGofiMa BMecTe C JHCKOM
HAaKJIOHEHA K IIJIOCKOCTH, NepHeHAUKYJASPHOH ocH 6JIOKa.

Ilpu BpameHHH Bajla poTopa NOPWIHH OYyAyT COBepliaThb OTHOCH-
TeJIbHO IHJIMHIPOB B GJIOKE BO3BPATHO-NOCTYNATENBHOE JBHIKEHUE.
3a opuH 0GOpPOT Basja KaxKIblil NOpIIEHb COBEPLIHT JBa XOAAa MO LH-
JUHADPY: XOJA HarHeTanuss M XoJ BcackiBaHus. IlpaBasi TopLoBas
yacth GJIOKAa LHUJHHAPOB IPH BPAILEHHH CKOJIB3HT IO IJIOCKOCTH He-
NOABUKHON pacrpeleUTeJbHOH TOJIOBKH 4, HMelolleH ABe AyrooG-
pasHble KaHaBKH J, KOTOpBIE pasjessioTcsl YIJOTHHTEJNbHBLIMH Ilepe-
MblukaMu a. Onna M3 AyrooGpasHbIX KaHaBOK CJIYXKMT KaMepo#l Bca-
ChIBaHUSl JJI IOABOJA XKHJIKOCTH K BCACHIBAIOIIUM OTBEPCTHSM IH-
JHHAPOB, a Apyras — HarHeTaTeJbHOH Kamepod MJs OTBOZA IXHIKO-
CTH, TOJAaBaeMOH MOpIIHAMH 4Yepe3 JIaHHBIE OTBEPCTHs IOA JaBJe-
HueM. IleHTp mepeMbluek @ COBIAZaeT C HeHTpaJIbHOH OCBIO Hacoca.
Korza och mnopiuHs coBmajaer ¢ LEHTPOM IepeMBIYKH, MNOpLIEHb Ha-
XOIMTCS B HEHTDaJbHOM IOJIOKEHHH (B MepTBOH TOYKe) H ero CKo-
POCTb OTHOCHTEJIbHO LMJHMHApa paBHa HY.JIO.

Ilonauy Hacoca peryJHMpyloT M3MeHEHHeM yrJia 7 NyTeM IOBOpOTa
o6OiMEI, a BMecTe C HeH H HakJoHHoro aucka. I[loBopoT oGoiiMbl
OCYILECTBJISIETCSl TATOH NpH Tojaye IKHUAKOCTH M3 HaIopHOro Tpy6o-
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mpoBojla MNOJA MOpIIeHb & BCJEJCTBHE YBeIHYEHHsS [aBJieHHs Bblle
YCTaHOBJIGHHOrO 3a CYeT YMeHBIIeHHs pacxoja B HamopHoM Tpy6o-
nposofie. ONHOBPEMEHHO KXHJIKOCTb H3 HAaNmopHOro Tpy6ompoBojia Mo-
crynaer K Mem6paHe 13, uyepe3 KOTOPYIO BO3JIeHCTBYeT Ha KJanaH
11, oGecnieyuBasi CBOOOAHBEIl BBINYCK MKHMAKOCTH M3 IIOJIOCTH MPY¥KHU-
HBl 9 uyepes oTKphIBlIHiics KJanad [I. Ilpu sTOM TSIra BMecCTe C MopIl-
HeM § mo#eT BHNpAaBO, yMeHbIlag YroJ ¥, a CJeJ0BarTesbHO, W MO-
nagy Q. Ilocne Toro Kak mnonaua yMeHBIUHTCS JO 3aJaHHOM BeJH-
YHHbLI, JBHXKEeHHe IOpIIHA & MpeKpaTHTCS 3a CyeT BbIPABHUBAHHUSA

I_______ 1.
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Puc. 218

€U, JeACTBYIOIIMX HA HEro cJieBa M CO CTOPOHH NpyxkuHH 9. B mo-
JIOCTH TNpyxXKuHB 9 @pH momoiiu xukJjepa IO u kKjamana I/ mop-
JepiXHBaeTcsl JaBJieHHe HUXKe, YeM B HANODHOM TpyGOIpOBOZE, BCJeEl-
CTBHE THJpaBJHYeCKHX IIOTepb NPH HeNpepbIBHOM JBHUIKEHHH XKUJ-
KOCTH M3 HAmoOpHOH KaMephl uepe3 3KHKJeD B IIOJOCTb IPYXKHHH 9
1 Jajiee yepe3 KjanaH J/J/ Ha cJ¥B B IpHEMHBIH pesepByap Hacoca.
Ilpu M3MeHeHWH JaBJIeHHsl B HamopHOH KaMmepe B pe3yJ/bTaTe HaMe-
HeHHUsl pacxoja B CHCTeMe Iojaya Hacoca aBTOMATHYeCKH H3MEeHMTCS
3a CYeT TOro, 4To HopHIeHb 8 3afiMeT JIpYyroe INOJOXKEHHe B CBOEM
LHJIHIpE.

Ha puc. 218 nokasana cxema JABHKeHHs ofiHOro nopiuHs. IlycTs
npl nepeMelleHMH LMJMHApPA H3 TMOJIOXKeHHs [ B NOJOXKeHHe 2 1O
YacoBOH cTpesiKe OJIOK LHMJHMHAPOB MOBepHyJcss Ha yroa ¢. Ilpu
5TOM LMJHMHID BJOJb OCH Oy IepeMecTHJCs OT TOYKH / Ha paccro-
Anne y = ry (1 —cos¢). B 10 ke BpeMs nopueHb, Bpamasch BMe-
CTe ¢ OMJMHAPOM, INepelBHraercsi BJAOJb OCH LHJHHApPA Ha paccro-
anve S. OTHOCHTesNIbHOE IepeMellleHHe IOpLIHS MOXKeT OGbiTb BBIpa-
JKEHO PaBEHCTBOM

s=ytgy = rotgy (1 —coso), (523)
rje $— nepeMelleHHe MOPIIHA BAOJbL HHJAMHAPA;
Y — YroJ HakJIOHa JHCKa;
¢ = wf — yroJ nosopora 6J0Ka LHJHHAPOB 3a BpeMs f;
Ty — pazuyc OKDYXKHOCTH OCell LHJHHIPOB.
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Iuddepenunposasnem pasencTsa (523) mosmyyaeM BblpameHHe Jis
OTHOCHTENIbHOM CKODOCTH M YCKOPEHHSI OJHOrO MOPIIHS:

v = % = rqo tg ysin¢; (524)
w= Z-% = ry0® tgycos¢.

[pu umcsie paBHOMEPHO pACIOJOMKEHHBIX MO GJOKY LHJHHAPOB 2
nepeMelieHre, CKOPOCTb M YCKOpPeHHe TOpIIHA B JioOOM LHJIMHJpE
6ynyT chaepymolye:

sk=r.tg7[l—cos (cp+2ﬂk—l)]; (525)

4
. k—
U = rewtg vsin (cp+27c —z—);

w, = row?tgy cos (cp + 2x k: 1).

[lomueii Xon s, KaxJOro M3 IOpIIHeH HaXOQUTCH M3 paBeHCTBA
(623) npu ¢ ==
S =2rytg. (526)

Onpenenus no dopmyse (526) xox mopuwiHs B UMJIHHApE M 3Has
YHCJIO UMJMHAPOB 2, MOXKHO HaHTH CpEeNHIOI0 TOJauy aKCHaJbHO-
MOpPIIHEBOr0 Hacoca, BOCIHOJIb30OBaBLIHCH ofbuieil gopmysoi (486) nus
cpezfHell nojaud @, NMOPLIHEBHIX MalllMH, T.e€.

Qo = qn =n, "—?Qro tgyzn, (627)

rie 7, — oObeMHBIH K. II. . Hacoca;
d — puaMmeTp LUJHHJpA.

Mruosennas nogasa Q, akcHaJbHO-NIOPIIHEBOrO Hacoca oOmpese-
JisieTcsl CyMMapHOH MIrHOBEHHOH [POM3BOJNTENILHOCTBIO NOPLIHeH, OfHO-
BpeMEHHO HAXOAALWIUXCS B TOJIOCTH HarHeTaHHs:

il nd?

k=n
Qo= Y ge= - reotgy Y sing. (528)
k=1 E=1

KpyTamuii MOMEHT Ha BaJly akCHaJbHO-NIOPILHEBOrO THJIPOJBH-
rartesiss HM3MeHseTC B 3aBHCHMOCTH OT yrjla @ ¥ CO3Jaercs IOpLIHs-
MH, HaXONsLIUMHCA B JAHHBIH MOMEHT B NOJOCTH HarHeTaHHs:

qu = 2 me, (529)
k=
rae M,—TeKym,ee 3HaYeHHe MOMEHTA Ha BaJly THADPOABUrATEJIA,
my — TEKylllce 3HAYCHHE MOMEHTa OJHOIo IIOpLIHSfA,
n - 1 — yucao IIOpI.LIHeﬁ, HaXxoAsILUXCSl B JAHHBIA MOMEHT B Maru-
CTpaJjii HarHeTtaHHd.
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Ha xaxnpiii mopuieHb, HaXONSUMICA B JaHHBLIH MOMEHT B NOJIOCTH
o 2
HarHeranusa (puc. 218), nelicrByer cumia P =p£j—. PacknanriBasi

ee Ha COCTaBJsIOmKe, NOJYYHM CHAY N, NepneHguKyJAspHYIO IIoC-
KOCTH HaKJIOHHOTO JMCKa, M cuay T, JexXallyio B MJIOCKOCTH JUCKA.
HopmansHas cuna N = P cosy Harpy:kaeT ynopHei MOJUIHIHUK [H-
cka. TanrennuanpHas cuia T = Psiny Ha pamuyce r = rysing co-
slaeT KPYTSLIMA MOMEHT Ha BaJly THAPOABHraTtes m:

nd? . .
m =Tr=p-—rysinysing. (530)

Kpyramuii MOMEHT TeM Gosibiie, yeM Gosibiie yrod 7. MakcuMalibHbii
yroa | He josmxeH mnpesbimath 30°, Tak kak mpH 7> 30° pesko
yBEJIMYMBAIOTCA MeXaHUYeCKHe MOTepH H H3HOC LHJIHHIDOB BCJEl-
crBue GoJiblIOro mepekoca nopuHe#. I[lpu ouenb ManbIX yraax xpy-
TAIHA MOMEHT HAacTOJbKO YMEHBIIMTCS, YTO MOXKET HACTYyIHTb Camo-
TOPMOXKEHHE THIPONBHIaTeNs.

OueBHIHO, YTO CYMMapHbli KPYTAUIMH MOMEHT Ha Bajly akKcH-
aJIbHO-[IOPLIHEBOr0 TMApOJABHratesss OyAeT paBeH

My = Mo, — M, (531)

rae M, — KpyTsIMA MOMEHT Ha Basy THADOABHraTes;
M,, — cyMMapBlii MOMEHT IOpIUHEH, HAXOAALIMXCA B IOJNOCTH Ha-

rHeTaTess;
M,, — cymMapHbi MOMEHT IIOpILIHEeH, HaXONAUXCS B IOJOCTH
BCaChIBaHHS.
Mowmenr M,, pasen
nd? . k=n
My, = p— rysiny , jlsin Pks (532a)
a MOMEHT
nd? . k=m
M,, = po— rosiny Y sin ¢, (5326)
k=1

rie p, — AaBJieHHe B TOJOCTH BCACHIBAHHS;
m -+ 1 — uKkCcJI0 LUMJIMHIAPOB B TOJIOCTH BCACHIBAHHS.

CpenHee 3HaueHHe KpYTSALIEro MOMEHTa aKCHaJbHO-NOPLIHEBOrO
THAPOABHUTAaTENs onpejessercd 1o ¢opmyJe

d2
M =nKup =ntgy 7 TofP: (533)

Kpyramuii MoMeHT ruppoasuratess Oyjer TeM GoJgblie, 4eMm 60Jib-
we yroa 7. MameHsas yrom 7, MOXHO perynupoBaTh KPYTAIHHA MO-
MeHT Ge3 H3MEHeHHs LaBJIeHHs 3IKHAKOCTH, NOJaBaeMOH B THJPOJBH-
rareiib.

Ha ocHoBe aKcHa/NbHO-MOPLIHEBBIX THAPOMAalIMH pa3paboTaHa
c6beMHasi THApOIepefaya aKCHaJbHO-NOPLIHEBOIO Tula, NOJYYUB-
liasi HaHMeHOBaHHe yHHMBepcaJsbHOro peryjsitopa ckopoctu (YPC).
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YHuBepcasbHbIA PEryJasaTop CKOPOCTH COCTOUT H3 JBYX OCHOBHBIX
Y3JI0B: peryJupyeMOro akcHaJbHO-NODIUIHEBOrO HACOCA, MPHBOJHMO-
rO B JBHXKEHHE OT 3JIEKTPOJIBUTaTe/st C MOCTOSSHHBIM YHCIOM 060pO-
TOB, W HEperyJHupyeMOro akKCHaJbHO-NIOPIIHEBOr0 T'HUIPOABUrATEN.
Perynarop ckopoctu Tuna YPC Beimyckaercsi B IBYX HCINOJHEHHSX!
HepasJeJeHHbI B BUJe LeJIbHON rHApONepefayt, B KOpIyce KOTOPOH
pasMellleHbl B HENMOCpeJCTBEHHON GJIM30CTH HACOC U T'MIPOABUIaTENb,
U pasieseHHbIH, Y KOTOPOro HAacoC COeQHHEH C FHAPOABHraTe/]eM
Tpy6aMu u oba arperatra paclosioXeHbl Ha HEKOTOPOM PaCcCTOSIHHH.

Ha puc. 219 nokasan HepasgeseHHblH peryasitop YPC. Axkcuasnb-
HO-TIOPUIHEBOI HacoC pas3MelleH B JIeBOH 4YacTH Kopmyca, cHalxeH
MexaHH3MOM [ 1151 ©3MEeHEHHs yIJia HaKJIOHAa aucka /4 BMecre ¢ Ha-
npasasiioledt yameit /5. HakmoHHBIE [HCK NPH MOMOLUY IiapHHpa 2
cBsi3aH ¢ BajoM /3 u 6jokoMm Hacoca /2, Hakiouubiit nuck 10 aHa-
JIOTMYHBIM 00pa30M COeJUHSIETCSl C BBIXOZHBIM BaJioM &, OJHAKO €ro
HanpaBsJjsiolas yama 9 3akpensieHa B Koprnyce HenoasikHo. IllTo-
KH 3 IpH NOMOIIM LIAapOBBIX COEIMHEHHI CBs3aHbl C NOPIIHAMH 4
W HaKJOHHBIMH nuckamu /4 u 10. Xon nopuiHe# ruapoaBUraTeis mo-
CTOSIHHBIH, MO3TOMY OJUHAKOB TaKXXe YAeJbHBII Pacxoj XKHIKOCTH
H4a OMH 060pOT BHIXOAHOTO BaJsa 8. [Tomaua Hacoca mepeMeHHa H 3a-
BHCHT OT YIyla HaKJOHa Haucka I4.

B pacnpenenuteabHoM aucke I/ umeroTcs nBa AYrooGpasHbIX OK-
Ea, KOTOpble B 3aBUCHMOCTH OT HaKJIOHA JUCKa /4 BBIMOJHSAIT QYHK-
HMI0 BCACBHIBAIOIIMX M HarHeTaTeNbHBIX KaHaJOB. B cooTBeTcTBHU
C 3THM K KaxXJAOMY KaHaJay IOAKJIOYAIOTCS NpeJoXpaHUTEeNbHbIA Kia-
nan 16 u o6patHbiél Kiaanan /7. JKUAKOCTD MEXIY HACOCOM M THADO-
ABUTaTeNleM LHPKYJIHpYeT chaelywouium obpas3oM. M3 HarHeratesb-
HOM MOJIOCTH Hacoca yepe3 Ayroo6pa3HOe OKHO B pacHpeflesHTelb-
HOM AucKe /] Mac/o MOCTymaeT B ORHY YacThb IUJIMHIPOB TUIPOJIBHU-
raTens, a U3 APYrod ero 4acTu 4yepe3 JIpyroe AYyroo6pasHoe OKHO
B pacHpee]UTeNbHOM JHCKe BO3BpalllaeTcsi BO BCACBIBaIOLLYIO MO-
JiocTh Hacoca. TakuM 06pa3oM, XUIKOCTb JABHXKETCS OT Hacoca
K FUJIPOJBUTATENIO C 3aIaCOM SHEPTHH, NOJYyYeHHOH B Hacoce, H BO3-
BpalljaeTcsl B HACOC, OTAAB SHEPrHIO B THAPOJBHraTelie,

Bo BpeMsi paGOTH peryasiTopa KUIKOCTb HelpepbiBHO LHUPKYJIH-
pyeT MexXAy HacOCOM M THApOJBHraTejeM. Tak Kak KOHTYp, 1O KO-
TOPOMY HPOMCXONUT LHDPKYJISLHS, He IOJHOCTbIO T'epMETHYEH, TO
6yayT yreuku. [las coXpaHeHHs] NMOCTOSIHHOTO 0GbeMa Macja B KOH-
Type NpPeLyCMOTpeHbl o6GpaTHble KJaamaHel /7, yepes KOTOpPbIe KOM-
neHcupytorces yreuku. Kopnyc peryasitropa YPC cocrouT H3 Koxkyxa
5 Hacoca M KOXyXa 7 FHIPOJBHrATe/Is, ABJSIOUIUXCS OJHOBPEMEHHO
4 pesepByapaMu Ijsa Macja. Ha Kkoxyxe 7 ycraHoB/ieH 6auox 6
¢ MaciaoMm s KOMIIEHCAallUH TeMIepaTypHBHIX pacIlHpeHHH MacJaa.
[IpucyrcTBie Bo3ayxa B pabouux NOJNOCTAX HeLOMycTHMO. s nepu-
OIMYECKOro yAaJieHHsi BO3LyXa H3 CHCTEMBl NPELYCMOTPEHBI HIOJb-
yaTble BO3AYIUHBle KaanaHbl /8. YHUBepca/bHblEe PEryJasiTOPBl CKOPO-
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CTH H3TOTOBJISAIOTCS CEPHIHO W IO3BOJISIIOT MJaBHO H3MEHSITb UHCJO
oGoporoB or 0 po 500 o06/mun.

Taasa dsadyamasn
POTOPHBIE THAPOMAILIHWHDI

§ 96. POTOPHO-TIJIACTUHYATBIE HACOCbl W I'HJAPOJABUTATEJIH

PoropHo-niiactuHYaTthle (mu6GepHble) THAPOMAIINHBEL MMPOKO NpH-
MEHSIIOTCS] B MAIIHHOCTPOEHHH TMOJ Ha3BAHHEM «JIONACTHBIEY U SBJISIOTCS
HanGoJiee MPOCTHIMH M3 CYIIECTBYIOIIMX THIIOB OOBEMHBIX THApOMa-
muH. HasBaHue «JIONAcTHEHIE»y He COOTBETCTBYET NPUHLHUNY AeHCTBHs
W KOHCTPYKIIMH JAHHOIO THIA THAPOMAIUHH M MO HOBOH TEPMHHOJIO-
THH UX TPHHATO HA3bIBaTh POTOPHO-NJIACTHHYATHIMA.

Puc. 220

Cxema mpocTefllero poOTOPHO-IJIACTHHYATOrO Hacoca IOKasaHa
Ha puc. 220. Porop / pasMmemieH B Koplyce Hacoca MeXAy IByMs
NJIOTHO TpHKATBIMM K HeMy TOPUOBBIMH JAuckamu 2. B pamuanbHbix
Ju6o cjerka HaKJOHEHHBIX K pajuycy poTopa Nasax yCTaHOBJEHHI
nnactunbl (wubepsl) 3. Ockb Bpamenus poropa paclojaraercs Io ot-
HOHMIEHHIO K cTaTopy 4 3KCUeHTpHuYHO. IIpHiKaTble K cTaTtopy H Bpa-
liaromyecss BMeCcTe € DPOTOPOM IJIACTHHBEL CKOJb3AT IO BHYTPeHHeHd
LUUJMHADHYECKOH TOBEPXHOCTH CTaTopa, COBepIlias OLHOBpPEMEHHO
BO3BPaTHO-TIOCTYIIaTeIbHOE [BHJKEHHE OTHOCHTEJIBHO pOTOpa B €ro
nasax.

M3-3a 3KCUEHTPUYHOCTH pACIOJNOXKEHHS pOTOpa INpH YHAJEHUH
IIACTHH OT TOYKH, TIe PacCTOsHHe MeXAy POTOpPOM H CTaTOpOM MH-
HHMaJbHOE, OOBEM IIOJIOCTH MeXZAY IIIaCTHHAMH YBeJUYHBAETCS.
B pesysbrare yBennuyeHHsi oObeMa JaBJIeHHe YMEHBIUAETCH H I10JIOCTDH
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3aMOJIHSAETCS] MAacjoM, NOCTYMAaIOIMKM 4Yepe3 OKHO 9, pacloJIOKeHHOe
Ha mepudepHH cTaTopa M coollaiolieecs CO BCACHIBAIOIIEM NaTpy6-
KoM 6 Hacoca. IloctynuBilee B IIOJIOCTb BCACHIBAHHS MAacjO I€peHO-
cUTCS IIaCTHHAMH B HANpPaBJieHHH BpalleHHsl poTopa. 3ateM, Korga
NJIACTHHBl ITPOXOAAT TOUKY C MAKCHMAa/bHbIM pAacCTOSITHHEM MEXIY
POTOPOM H CTaTOpPOM, OGBbEM MPOCTPAHCTBA MeXIy IIacCTHHAMH Ha-
UHHAEeT COKPAIaThCsi, W MacjJO BHITECHSETCA B MOJIOCTb HAarHETaHHS
yepe3 NPOTHBOINOJIOXKHOE OKHO B HarHeTaTeNbHBIH NAaTpy6oK 7 Haco-
ca. IlnactuHuaThle HacoCH M3rOTOBJISIOTCS C IIOCTOSTHHOH Hojaueil u c
peryanpyemoli. Pery/iupoBaHue N/acTHHYATHIX HACOCOB OCYLIECTBJIS-
eTcsi M3MeHeHHeM 3KcueHTpHcutera e. Ilomaua nuacTMHYaTBIX Haco-
COB — MyJibCcHpYIomasi. MuHNMa/bHasi nojlaya MMeeT MeCTO B MOMEHT
BCTYNJIEHUs] IIJIACTHHBL B pa6oTy; NpH JajibHeHileM IOBOPOTe poOTOpa
nojaua ypenuuuBaercs. MakcumanpHasi Tojaya HMeeT MeCTO TOr/a,
KOrja mJacTHHA 3aHHMaeT IOJIOXKEeHHe, COOTBETCTBYIOIIee HauGoJIb-
1IEMY DPACCTOSTHHIO MEXJy CTaTopoM H poropoM. B panpHeiimiem mo-
Jaya Hacoca BHOBb YMEHbBLIaeTcsi M JOCTHraeT MHHHMyMa B MOMEHT
BBIXOJA INJIACTHHBI M3 paGOTHI.

JIisi yMeHbIEHUS TYJbCAlHH IOJAYH 3KHUAKOCTH PEeKOMEeHIyeTcs
npunuMath or 4 1o 12 nnactuH. B mensix ycrpaHeHHsi BGS8MOXKHOCTH
COeJUHEHHsI HarHeTaTe IbHOH MOJIOCTH CO BcachiBaloLleH NMpexycMOTpeHbl
ynnotautensnsie Beictynsl [—II u II1—IV. aura ynJjorHsowero
Buictyna [—I1 pemaercs ¢ TakuM pacyetoM, 4ToOBI B MOMEHT BCTYII-
JIEHHsl ONIHOM TJIACTHHHI B Tpelesibl YIJIOTHSIONEro BBICTYHA IpeNbl-
Iymasi TJacTHHA BBHIXOAMJA 3a ero npeneisl. [as ycrpaHeHHs 3a-
meMJIeHHs1 Macja B 3amkHytoM o6veMe BoIcTyn III—IV mepen
KaMepo#l BcachiBaHHs JlesaeTcsl Kopode sbictyna I—II nepep narwe-
TaTeNIbHOM Kamepoil. ¥ paccMaTpHBaeMOro Hacoca Kaxkias IJIacTHHA
B TeueHHe OJHOro o6OpoTa pOTOpa OAHH pa3 NMpHHHUMaeT yuacTHe BO
BCachiBAHHM Macja M OJMH pa3 — B HarHeTaHWH. TaKMe MauiMHBI
Ha3BIBAIOT POTOPHO-NJIACTHHYATHIMH HAcocaMH ONHHOYHOT'O JeHCTBHSA.

PoropHo-nnacTvHYaThle HAcocHl OT/MYamOTCs OoJbLION nofaueit
NpH OTHOCHTEJNHLHO HeGOJBIINX pa3Mepax CcaMoro Hacoca.

[nsi onpenesieHust TeopeTHYECKOH IMOAAYH POTOPHO-NJIACTHHYATOrO
Hacoca OJHHOYHOrO JeHCTBHS NpEeINoJOXHM, YTO HAacoc HMeeT Gec-
KOHEYHOe YHCJIO0 GeCKOHEWHO TOHKHMX myactHH. Ha puc. 220 nokasa-
Ha pacyeTHas cxema Takoro Hacoca. M3 A 0,0,C enenyer, uro

x =rcospB -+ ecos (180° — ¢) = r cos B — e cos ¢. (534)
PaGouasi yacTp nuacTHHH A paBHa
h=x—(r—e). (535)
Toxcrasasis B (535) 3Hauenwe x mo (534), moayunMm dopmysy
N5t onpenesenus A:
h=rcosp—ecos¢ —(r—e)=e(l —cose) -+ r(cosf —1).
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e
Tak kax BenMuUHHA OTHOIIEHHS ry B POTOPHO-IJIACTHHYATBIX Ha-

cocax noctatouHo Mana, yroa 3=~0 u cos( =1, Benmuuna paGouei
YacTH IJIACTHHBI MOXKeT OblTb ONpesieJeHa mo ¢opmyJie
h =e(l —cose). (536)
O/leMeHTapHbIH 00beM dg,, MepEHOCHMbIl H3 MOJIOCTH BCAChIBaHUA
B [OJIOCTb HAarHeTaHH S, NMPH IIO-
BOpOTe poTOpa Ha yroa de¢ pa-
BeH

dg. = hbrdo, (537)

rie b —mupuHa portopa;
r — pajHyc portopa.
Hurerpupys Boipaxenue (537)
B npeiesax 0-2r, mnomyyum
yJe/bHYIO TEOPETHYECKYIO T0Jauy
POTOPHO-IJIACTHHYATOrO  HAacoca
3a oiuH 06OpOT poTOpa:

2 2r
g» = (hbrde = erb (1 —
0 0

Puc. 221

— cos ¢)do = 4werb. (538)

Cpennssi TeopeTMuecKass MoOfaya Hacoca B eNHHHIY BpeMeHH

6yzner paBHa
QOT = (Nl = 4rerbn. (539)

YuuTpIBas KOHEUHOE YHCJIO MJIACTHH 2 H KOHeYHYI0 HX TOJIIH-
Hy 3, a TaKkxe yTeYKH Macja uYepe3 YIIOTHEHMS, OLEHHUBAeMbIe
OObeMHBIM K. 0. A., NOAy4uM ¢opMyJay [Jis OIpefiesieHHs] CpefHed
NOJlay¥ POTOPHO-NJIACTHHYATOrO Hacoca:

Qo = M2.Qor = 2nybe (2nr—23) n. (540)

OnHuM M3 caMbIX CYLIECTBEHHBIX HEJOCTaTKOB POTOPHO-IJIACTHHYA-
THIX HACOCOB M THAPOIBHraTtesell OXHMHOYHOTO NeHCTBHS ABJAETCH
Hannuue OOJIBIIOH ONHOCTOPOHHeHl HarpyskH Ha NoOAWHNHHKH. [lns
YCTPAHEHUs 3TOTO HeNOCTaTKa MPHMEHSIOT POTOPHO-IJIACTHHYATHIE
rMApOMallNHbl  JBofiHOoro nedcrBusi (puc. 221). Ilpm stom potop
¥ MOAIIMIIHHKH pas3rpyxKaiorcs.

ITonaua Hacoca aBoiiHoro nefictBHsl OyJeT paBHAa YIABOEHHOH IIO-
nade, onpejeseHHod no ¢opmyae (540). B poTOpHO-N/IAaCTHHYATHIX
Hacocax JIBOMHOTO NeHCTBHSI Ha ydacTKe MeXIy BCACHIBAlOUIMM U Ha-
THeTaTesbHbIM OKHAMH HanpaBJsiolias CnpopHIHpPOBaHA MO OKPYXK-
HOCTH, ONMHCAHHOH M3 LEeHTPa pOTOpa, a Ha YyacTKax, S3aHATHIX OK-
HamH, — o cnupaad Apxumena. CpefHsas nojaya Hacoca JBOHHOrO
IeHCTBHS paBHA

Q, = 2nob l:w (R —r) — "2———’—12-5—2]71, (541)

Cosa
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roe ry U rp — GONBILIONH M Majblii pajHychl CTaTopa;
b —mupuHa poTopa (NJIMHA NJIACTHHHI);
8 — TOJIIIMHA TJIACTHHbI;
Z — YHUCJIO TJIACTHH;
«— yroj HakKJOHa IJaCTHH (LJs pajHaJbHBIX IJAcTHH
cosa = 1).

IMogaya Hacoca JABOMHOrO AEeHCTBHS IOCTOSIHHA HE3aBHCHMO OT
yrJia MOBOpPOTa POTOPa, NMOCKOJBRY NOJada M3 ONHOH KaMephl HaKJja-
IblBaeTcsl Ha NOJauy BTOPOH Tak, 4TO CyMMapHas Iojaya Hacoca
OJMHAaKOBa B JI0OOOH MOMEHT BpEMEHH.

Puc. 222

inl noxaye MacJjia noja AaBJi€HHEM p BO BCacChlBalOLLYIO KaMmepy
THApOMalIuHbI ,lIBOI;'IHOFO ﬂeﬁCTBI’Iﬂ nocJsenHasa pa60TaeT KaK ruapo-
JBuUratedb C NPAKTHUECKH NOCTOAHHBIM KDYTALUIKUM MOMEHTOM.

MoOMeHT THAPOJBUTATENST MOXKHO ONpPENEJHTh, T0Jb3Ysch 06Llel
¢dopmyqoir  (491):

M=n2p="2n, [w (=12 _"—2—'1’—31] (542)

Ccos a

W TpU pajiHaJbHOM pACNOJOXEeHUH MJacTHH
b
Man%p=;[ﬂ(r§—r?)~(rz—-r1)52}p- (543)

Xopolo CKOHCTPYMPOBaHHble POTOPHO-IIACTHHYATBIE MAUIHHBL
MMEIOT BBICOKHMIT K. I. X., OLHAKO AJIsl 3TOT0 TpeGyercsl BbICOKAasi TOY-
HOCTb 06paGOTKY M MEPBOKJIACCHASA TEXHOJIOTHS H3TOTOBJIEHHS.

Ha ocHoBe DOTOPHO-NJIACTHHYATHIX THAPOMAIIHH paspaborana
pOTOpHO-TJIaCTHHYaTasl THAponepeAada (puc. 222), cocTaB/eHHas
M3 PEryJupPyEeMOro PeBepCHBHOTO Hacoca I/ U PeryJupyeMoro pesep-
cuBHOTO ruapoxsurartenss 2. IIpy noMoLiy TakKOH THApOIEpenayn
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MOXKHO IlepenaBaTbhb MeXaHUUYECKYIO 3HEPTHI0O C BeAyliero BaJja IBH-
raTteias Ha BeJOMBIH C H3MeHEHHeEM uHc/ia 060pOTOB H KpyTAaliero

MOMEHTa BeIOMOro BaJa.

§ 97. IECTEPEHOYHBIE HACOCBI U THAPOABUIATEIH

KoHncTpyKuus mecrepeHOYHOro Hacoca (puc. 223) npeaenabHO mpo-
cra. I'maBHBIME pabouYHMH HeTasIMH NPOCTEHIIEr0 HIECTEPEHOUHOIO

Hacoca fBJSIOTCS JBe OIHHA-
KOBble IlectepHu I, Haxoms-
Hiyecst B 3alellJIeHHH H TOMe-
LIeHHBle B Kopnyce 2 MeXAY
JBYMSl NJIOTHO TNPUTHAHHBIMU
K HUM TOPLOBBIMH NHCKaMH J.
Benymmas mecrepHsi nmojydaer
BpallleHHe OT  JBUrareJ.
IlenTpasnbHass yacTh Kopryca
uMeer ABa mnarpybka: mojiBo-
oAU (BcachiBaloLHUN) u OT-
BOIALIME (HarHeTaTeJbHBIH).
Ilpu BpallleHun uIeCTEpeH
yepe3 natpy6ok B mnpoucxo-
JIMT BCcackIBaHME MacJja, a 4e-
pes mnarpybox [/ — HarHera-
nue. ITonocts BcachiBaHus 06-
pasyercs TaMm, rle 3y0bs
BBIXOJSIT M3 3allellieHHs, Tak |
Kak NpH 3TOM 06beM KaMephl =2 et
BCcacblBaHUs  YBEJHYHBAETCH 2
BCJEACTBHE  OCBOOOXKIEHHS
BNaJHH MexXAy 3yObAMH, KO- Puc. 9223

TOpble paHee, B MOMEHT 3a-
1emJeHust, GblIM 3aNloJTHEeHH 3yObsIMH cocenHero Koaeca. IIpu Bpa-

LIeHUH 1IecTepeH Macio, IoJBeJeHHOe K BCachiBalolleMy naTpyoky B,
ocTyaer B KaMepy BcachlBaHHsI, 3aNOJIHAET BBICBOOOIHBIIIHECS
BNANMHBl MeXAYy 3yObsAMH M JaJjee INePeHOCHTCH No nepudepuu
Kopnyca B moJiocth HarHerauus. Ilosocte HarHeranus oGpasyercst
¢ ITPOTHBOIOJIOXKHOH CTOPOHH, TAe 3y0ObA BXONSIT B 3alElJeHHE,
BLITECHSISI MacJO H3 BIAJUH B HarHeraTeabHbift marpy6ox H. Orae-
JleHMe KaMepbl HarHeTaHHs OT KaMepbl BCACBIBAHUSA INPOHCXONHT
10 IMHUY KOHTaKTa 3yObeB BJ0JIb UX [IJIHHbL b,

[Topauy miecTepeHOYHOro Hacoca € JOCTAaTOYHOH CTENEeHbIO TOY-
HOCTH MOXKHO OIpenesiuTb, cuutas 0O6beM Macja, NMOAaBaeMOro 3a
OIUH NOJHBIY 060pOT llecTepeH IIPH OJMHAKOBOM uHcJe 3yObeB, paB-
HbIM cyMMe O6beMOB BINAJWH MeXAY 3yObaMH, a 00beM KaxkKJofi
BRafuHbl — 06bemy camoro 3yGa. Ilpu atom yaenbHasi Teoperunue-
23 355
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Ckas nojfaya 3a OJHH 0GOPOT IlecTepHu GyaeT paBHa

gz = ©Dy2mb, (544)
H CpeJHsAs TeOopeTHYeCKasd IojJaya Hacoca
QQT =5 QTCDHﬂ‘Lbn, (545)

rae 2m — BbicoTa 3y6a (m — MORYJ/Ib 3allelJieHHs);
Dy — puaMeTp HayaJbHOH OKPYXKHOCTH IUECTEpHH;
b — nnvHa 3y6a (WMpHHA IIECTEpHH);
n — YHCJIO OGOPOTOB ILECTEpHH.

[TockospKy 00beM BNAAHH MeXAy 3yObSIMH HECKOJbKO OOJblLe
D
o0beMa caMHX 3yObeB H MOLYJIb M = —;‘1 (2 — umcsi0 3y6beB WIECTE-

HH), TO yTOYHEHHasi ¢opmy.aa ans
0, ompejie/ieHUs1 TEOPeTHYeCKOH mojia-
\ beovwaa YH IIeCTeDEHOYHOro Hacoca Oyaer
HMeTb BHL:
D;
Qor =7 bn, (546)

rie IJs yyera pasMepoB BhaguH
BMecTO 27 IOACTaBJIeHO 7.

C yuetoM OOBEMHBIX IOTEPD,
OUEHHBaeMblX OOBEMHBIM K. M. J.
Hacoca 1o, AeHCTBUTeNbHast cpel-
Hsisl TMOJaya IIecTePeHOYHOTro Haco-
ca omnpepxensiercs no GopmyJie

2
besomas Qo =70Qor =7 % bnn,. (547)
T Ecin B KkaMepy BcachiBaHHs
0, IIECTEPEHOYHOro HacocCa IoAaBaTb
// //////A MacJIo nmoa AaBJIEHHEM, a yepel3 Ha-
{ A4 L rHeTaTe/ibHYI0 OTBOAUTHL, TO LIECTE-
K peHO‘{Haﬂ I‘HleOMaLHI/IHa 6ylleT pa‘
6oraTth B pexuMe ruapoaBurartedsis.
Puc. 224 [Ipu Ha/IUYUM KOHTAKTA MO JIHHHH

KacaHusi 3yObeB, HaxOJSILHXCHA

B 3allelJIEHHH CO CTOPOHBI MOJaud Macnaa, o6pasyercs pabouasi Ka-
Mepa, AaBJieHHE B KOTOPOH Ha 3yObfiX co3faeT KPYTSALIHH MOMEHT.
Ha npumepe 1IecTepeHOUHBIX HAaCOCOB M T'MADPOJBHraTes el MOX-

HO HArJsSAHO II0Ka3aThb BJHSHHE 3aNHpPaHHS XKHAKOCTH BO BCECTO-
pOHHE 3aMKHYTOM, HO H3MeHsoIleMcs o0beMe. B IrecTepeHoYHbIX
MalllMHAX TaKoe fBJIEHHe MPOUCXOJIUT B MeCTe 3allellJIeHHs 3yObeB
W HasblBaeTcs KoMmpeccuefl xujakoctd. Kommpeccus Habawonaercs
M B JPYyrux o6beMHBIX ruapomamuHax. Ha puc. 224 nokasan MOMeHT
saNMpaHHs XKHIKOCTH BO BNajuMHAX 3yObeB MIeCTePeHOYHOH TrHIpoO-
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MawuHbl, Ilpu BpauleHuu ILIecTepeH MacJjo, 3aKJIOUeHHOe B IpO-
CTpPaHCTBe MeXHIy 3yObsIMHM, TIOJBepraercs CXaTHIO BCJEINCTBHE
YMeHbllleHUs 3allleMJeHHOro 006beMa, YTO HPUBOAMUT K 3HAYHTEJNb-
HOMY YBEJIHYEHHIO AaBJjeHus Macaa (cM. ¢opmyay 485) B 3auem-
JeHHOM o6beMe. B pesysnbraTe Bo3pacTaer Harpyska Ha 3y6bs
W nepefaeTcss Ha MOANINWNHHKH THMAPOMAILHHBL. Ecau salieMJeHHBIN
o6bem Oymer TepMeTHUeH, TO MOXKeT NPOU30HTH JHUOO OCTAaHOBKA,
au6o mosoMka rugpomawinnbl. [Ipu Beixone 3y6beB M3 3alelJeHUs
3allieMJeHHbI 06beM yBeJINuuBaeTcs, AaBJeHHe Pe3KO YMeHbLIaeTC st
H MOXeT HayvaTbCsl BBbIeJIEHHe M3 Macja pacTBOPEHHOTO BO3[yXa
M TapoB, 4TO YMeHbIIAeT MOJIE3HYIO Nojauy Hacoca.

Jna TuKBUIauUK KOMIPECCHH M Napoo6pa3oBaHUs B 3allleMJIeH-
HBIX 06beMax B KOHCTPYKIMH KOpIyca WJM ILIECTeDHH AeJaloT cle-
linaJbHbie KaHajapl K, MO0 KOTOPHIM MXUAKOCTb OTBOAMTCS H3 3THX
006beMOB.

§ 98. BUHTOBBIE HACOCH! U THAPOABHUIATEJIH

BuHTOBHIE Hacochl OT/IMYAIOTCS DaBHOMEpPHO# TNojaued KHIKO-
C1H, a THAPOJABHUraTeJNH — PABHOMEDHBIM KPYTSHMIUM MOMEHTOM.
BunTOBBIE THAPOMALIMHBI UMEIOT BBICOKHH K. II. ., KOMIOAKTHBI, Oec-
IIYMHBI, HaleXHbl B pa6oTe, HOMYCKAalOT BBICOKOE UYHCJIO 06OPOTOB
H pab0TaloT MpH JOCTATOYHO OOIbIINX AaBJIEHUAX.

OcHOBHBIMH paGoOuMMH OpraHaMHM SIBJASIOTCS BHHTBI, HaXOAsIIHe-
cs B 3allelJIeHHMH H pasMelleHHble B KOpIyce ¢ BeCbMa MaJblM 3a-
30poM. BUHTOBBle THAPOMAIUKHBI H3TOTOBJASIOTCS B IBYX- U TpeX-
BMHTOBOM HCHOJIHEHUH. [IpenMyliecTBeHHOE pacnpoCTpaHeHHe MOJYy-
YMJIA TPEXBHHTOBEIE JIBYX3aXOJHbIE THAPOMAIIHHE! C IHKJIOUAaIbHBIM
3alenjeHueM.

Ha puc. 225 mokasan TpexBHHTOBOHl Hacoc. Benmymmit BuaT 2 C
IBYMsi BeIOMbIMH 4 ycTaHaBJHBaeTCs B KOpIyce 5, HMeIOIleM BCa-
chiBalOmMH naTpy6oK / W HanopHbli — 3. B pesyibprate Hajauuus
Pa3HOCTH [aBJieHHH MeX1y BcachlBalollell KaMepod B u Harsera-
TeapHOM H BHOJL oOCH BHHTOB B CTOPOHY BcacbiBaHusi Oy-
IyT nefcTBOBaTb OCeBble CHJBL. [l BOCIPHATHA STHX CHJ
KaxkIbli BHHT HMeeT YMOPHBIH NONIIKNHHK 6. Bnamuuel Mexmy
3y6bsiMM BHHTOBOH Hape3KH BO BpeMssi pabOTHl 3amOJHEHb!
KHUAKOCTHIO M TPEACTABJSIOT cOG0OH 3aMKHYTble 00beMbl, OTHAEs-
IOHIMEe HOJIOCTh BCACHIBAHMS OT NOJIOCTH HAarHeTaHHs, TaK Kak JJIHHA
BHHTOBOH Hape3Ku BHHTOB Bcerja BhINOJHseTcs 6oabiue 1,25¢
(! — mar BuHTOBON Hape3ku). Tak Ke Kak M B IIECTEPEHOUHOM
Hacoce, B IOJIOCTH BCacblBaHUSl BUHTOBbIe 3y6bsl IPH BPalleHHH BHH-
TOB DPaCKpLIBAIOT BHAIWHB, 00b€M KaMepbl BCAaChIBAHHS YBEJHYH-
BaeTcs, M XKHUJIKOCTb IIOCTyNlaeT B KaAMepy M3 BcachlBalomlero natpyo-
ka I. Ilpu nmajbHeiinieM BpallleHUH BUHTOB 3alOJIHUBIIAS BIaJHHbI
JKHJIKOCTh OTAENSIeTcs OT BcachblBawlled KaMepsl H INepPEeHOCHTCH
BJIOJIb OCH MO BHHTOBOH HapesKe U3 KaMepbl BCAachlBAHHSI B KaMepy
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@argerauusi, rae 3yObs BHHTOB, BXOASl BO BIAJHHBI, BBEITECHSIOT
JKHUJIKOCTh B KaMepy HarHeTaHHUsS W JaJjlee B HANOPHBIA maTpybok 3.

INpu nepememennn B o6beMax Bnaaud A, B, C xunxoctu mepe-
[aeTcsl SHePrusi NaBJeHUs B pe3y/JbTaTe BO3AEHCTBUS HAa Hee BUHTO-
BbIX [OBepXHOCTeH NONOOHO BO3JEHCTBHIO NOPLIHA Ha XKHAKOCTb
B HUJIHHJIDE.

JlJ1st pasrpy3Kd OCeBBIX CHJI, AeHCTBYIOIKHX Ha yINOpPHble MOAIIHI-
HUKM 6, TIOX HX YHOODHble IIOBEDXHOCTH IO OCEBbIM OTBEPCTHAM
(MyHKTHpHBIE JIMHUH) NOJBOAHTCS XXHIKOCTb NOj JAaBJjeHHeM HarHe-
tanusa. Ilpu momaue pabGouell KMAKOCTH NOJ JHaBJeHHEM B KaMepy
BCcachIBaHHS BHHTOBAasi THAPOMalliHa paboTaerT Kak BHHTOBOH THJ-
pPOABHTaTE/Ib.

U

N '///,///,/;//,/,////////M
N

Puc. 225

YnenabHasi mojaya BHHTOBOTO Hacoca 3a OfMH 06OPOT BELyLIEro
BHHTA paBHa 00beMy BNAJHH Ha JJMHE OJHOIO LIara M 3aBHCHT OT
ero InonepeyHbX pasMepoB M Iuara. HeckoJbKo IaroB BHHTOBOM Ha-
pe3KH NpUMeHsIeTCs [J1s1 YBelIHYeHUs1 00'beMHOTO K. I ., T. . GoJiee
HaJleXKHOTO OTJe/JeHHs] MOJOCTH BCacbIBAHHS OT IOJIOCTH HarHe-
TaHHUA.

Ecau o6uas miomangs pactoyku kKopmyca fx, a cymMmapHas
IJIOINA/b CEeYEeHHs] BCeX TPeX BHHTOB £y, TO MJIOIIALb MOMEPEeYHOro
ceueHHss BmajnH &£ paBHAa HX Pa3HOCTHU:

Q= S‘]K — Q,
a yjnejbHad TeOpeTHyecKas Iojaya BHUHTOBOIO Hacoca 3a OLUH 060-
pOoT BHHTOB paBHa MNPOU3BEAECHHIO:

gr = = (U — ) ¢, (548)

rie ¢ — TeopeTHYecKas Iojaya 3a ONMH OOOpPOT BUHTA;
{ — u1ar BUHTOBOHW HapesKH.
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[Tnomane ceueHnss BUHTOB &, MOXKHO ONpelesuTb, 3HAS ypaB-
HeHHe SNMUUMKIOHA. B KauecTBe HCXOZHOH BeJIMYHHBI NMpH pacyeTe
reOMEeTPUM BHHTOBBIX HACcOCOB IPHHUMAeTCH JUaMeTP OCHOBHOM
OKDYXKHOCTH BelyILlero BHHTa dy, Yepe3 KOTOPBIH BhIpaKalOTCsl BCE
ocrafabHble pa3Mepbl. OGBIUHO MpUHMMAOT (CM. 0GO3HAYEHHA HA
puc. 225)

DH::‘_g—dH) dB =‘;“dﬂr t =139 dH:
rie Dy — HapyXHbIHl JHaMeTp BHHTA;
dy — BHYTPEHHHMH JHaMeTp Hape3KH BeJlOMOTO BHHTA.

HapyxHblfi AuaMeTp BelOMBIX BUHTOB PaBeH AMaMeTpPy OCHOB-
HGI OKPYKHOCTH Bexyuiero BuHTa dg. [JuHa BuHTOB L, ompegeJsie-
Masl aroM 4 YHCJOM ILaroB BHHTOBO¥M Hape3KH, U BbIOUpAeTCs HC-
X0#s H3 YCJOBHU obGecneueHuss TpeOyeMo#t repMmeruusoct. s
TPEeXBUHTOBOIO Hacoca JAJHHa BbIGHpaeTcss B 3aBHCHUMOCTH OT JaB-
JieHHsl B CJeNyIOUIUX Ipeaenax:

s pasaenuft 15—20 6ap — L = (1,5-+2,0);
» » 50—75 6ap — L = (3—=4);
» » 150—200 6ap — L = (6=-8).

[1pu yKa3aHHBIX BbILIEe COOTHOLIEHHSX MJIOLIAfb CEYEHHS BIAXUH
paBHa:

ISl HEKOPPEeTrHPOBAHHBIX Npoduiel Q@ = 1,25d%
I KOpperHpoBaHHBIX Q = 1,24d>.

Takum o6pasoM, yaeabHas TeopeTHuecKasl nogada 3a OJUH 000-
por BHUHTa OyAeT paBHa

g = R = 4,14d3. (549)
Teopernyeckass Iojaya BHHTOBOrO Hacoca HpH 7 o06/cex
Qor = qn = 4,14d3n. (550)

Ecau yyecTb yTeuky uepes pajuajbHBEIE 3a30Dbl MeKAy BHHTaMH
¥ KOPIYCOM OGBEMHBIM K. IL J. 1o, TO AEHCTBUTEJbHYIO MOAAYy BUH-
TOBOTO Hacoca MOXHO OIpejeauTb Mo (GopmyJe

Qo = Mo Qor = 4,14m,d%n. (651)

BunTOBbIE HACOCHI M THAPOABUraTeJd HOPUMEHAIOT B OOBEMHBIX
TUAPONPHUBOLAX, THAPABANYECKHX CHCTEMAaX PeryJjupoBaHus MapoBbIX
U TUIpaBJHYecKuX TypOHH, B He(dTAHOH NPOMBILIJIEHHOCTH.



PA3IOEJ II

OBBbEMHbBIN THAPA CKUHN NPUBOJ
H EIro 3 T

T'arasa O0sadyare nepsas

THAPOANINMAPATYPA U BCIIOMOTATEJIbHBIE 3JIEMEHTDI
rMAPONPHUBOLOB
§ 99. PACNIPEJIEJIUTEJIbHBIE YCTPOHUCTBA

PacnpenenuresbHele yCTpoiicTBa NpeJHa3HauyeHbl 1/ pacnpeje-
JIeHUs ¥ M3MeHeHHUsI HanpaBJjieHHs IOTOKA XXKHIKOCTH MeXIY y3/JaaMH
H aJeMeHTaMHU rujponpusoaa. ITo KOHCTPYKTHBHBIM NMPU3HAKaM pac-
«c 2udpotbuzarmens om audpodbuzamenn npejesuTe]y pa3fensior
Ha KpaHOBble, 30JIOTHH-
KOBble 1 KiaanaHusle. [lo
KOJIMYEeCTBY  (HUKCUPO-
BaHHBIX NOJIOXKEeHHH pas-
JUYaIOT JBYX-, Tpex- H
MHOTOIIO3UIIMOHHbBIE pac-
npeneautenu. Hau6omb-
liee mpuMeHeHHe B 06b-
€MHBIX THAPONPHBOAAX
MOJIYUHJIH 30JIOTHUKOBBIE

Puc. 226 pacmpeneautenu (30J0T-
HUKH).
30JIOTHHKH — 3TO yNpaBJ/sieMble 3JeMeHThl THApPOannaparyphl,
NpH NMOMOLIM KOTOPBIX OCYIIECTBJSIETCS paclpejefeHHe >KHAKOCTH,
peBepcHpOBaHMe ABHKEHHS U TepekJioueHue TpybompoBomaos. [lo-
IBHKHOe 3BEHO 30J0THHKa (puc. 226) BHINOJHEHO B BHIE IIYHXKe-
pa I c mpoTouKaMH A/ NMPOXOAA XKHUAKOCTH U LHJIUHIPHYECKOrO
Kopnyca 2 ¢ OTBepCTUSIMH /Sl TIOABOJLA W OTBOJA KUAKOCTH. [Tyrem
CMellleHUs NJYyHKepa [ OTHOCHTE/IBHO Kopmyca 2 30JI0THHKa B Ipo-
recce paGoOTH THIPONPHUBOLA MOXKHO H3MEHATh HAlpaBJieHHe IBH-
JKeHUsl XKUAKOCTH 32 CYeT COOTBETCTBYIOLLErO NepeKphITHs pabouux
OKOH 30JIOTHUKOBOH THaphl.

YnpaBieHHe IBUXXEHHEM 30J0THHKa MOXKeT ObIThb PY4yHOe, KyJau-
KOBO€, 3/JeKTPOMAarHuTHOe U THADPaBJMYECKOE.

Ha puc. 227 nokasana cxemMa peBEPCHBHOrO 30JIOTHHKa THINa
I’-72 ¢ runpaBanyecKuM yrpaBJjeHHeM, KOTOPBIH COCTOUT H3 KOpPIMY-
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ca I, myHxkepa 2, kpbillex I, apocceseil 4, mapuKOBBIX KJanaHoB J.
[Torynxep 2 30710THHKA MOXKeT 3aHUMaThb JBa KpaHHUX NOJIOXKEHUS —
npaBoe U JeBOe, COOTBETCTBYIOUINX IBYM HalpaBJeHHAM [BHKEHHA
TRApOABHraTeNS.

ITepemelenye nayHxKepa 2 U3 OLHOTO NOJOXKEHHS B Apyroe ocy-
LIeCTBJASETCS JAaBJeHHeM p XKHIKOCTH, KOTOpash NOJABOAHTCS MOX
TOpUB MayHxKepa. CKOPOCTh MepeMellleHHs NYHXKepa peryJupyercs
npu HOMoLM npecceneir 4,

o6GpaTHble KaanaHnu 3 o6ec- 2 3
[e4yyBaOT He3aBHCHMOE pe- { ===
ryJiupoBaHue. P e ——

KnanaHHble pacnpege- -
JINTeJIbHble YCTPOHCTBA IMe- ) 4

0T IpenMyllecTBa Tiepex
30JI0THUKOBBIMH IIPH MaJIbIX
pacxoxax, HO  OoJbLINX Puc. 227
IaBjieHusx Ojaronapsi BHI-
COKOl TrepMeTHYHOCTH, KOMIAKTHOCTH M JIETKOCTH YIpaBJeHHA.
Takum o6pa3oM, B ruIpoONpUBOJaX, AJsi KOTOPbIX repMeTHYHOCTb
He Hrpaer peluamoliell poJsiu, a PacxoAbl Macja BeJHUKH, leseco-
06pa3HO NPHUMEHATb 30JIOTHUKOBbIE pacHpemesuTelNH.
B runpompuBomax ¢ MasJbMH PacxofaMu Macja NpPH BBICOKHX
JlaBJIeHHsX, TJle HaJeXKHasi FepMeTHYHOCTb UrpaeT pellalollylo poJb,
OPUMEHSIIOT KJallaHHble paclpelesHTeNu.

§ 100. JPOCCEJIbHBIE YCTPONCTBA

Jlpocce/bHble YCTPOHACTBA B THAPONPHBOAAX [PHMEHAIOTCS LS
OrpaHHYeHHs WIH PETyIHPOBaHHSA PACXOAA YKULKOCTH H TPEACTaB-
as0T  coGofl  rUApaBAHUEcCKHEe CONpPOTHUBJeHHA. JlpocceabHBIMM
yCTpoficTBaMH MOTYT ObITh HeperyJupyeMble THApaBJHYECKHE CO-
IIPOTHUBJIEHHS, WJH THApaBJIUYeCKHe JeMIdeprl, U peryaupyemble
rHApaB/uYeCcKHe CONpPOTHBJIEHHs (Apoccein).

I'unpaBnnyeckne nemndepsl NPUMEHAIOTCS B DasJHYHBIX 3Je-
MeHTaX M yCTPOHCTBAaX TuApoanmnaparypsl AJAs TOPMOXKeHus (npoc-
CEJIMPOBAHHUS) KHUJIKOCTH HpU KoJeGaHUAX M APYTHX HecTalHOHap-
HBIX TMpoleccax, T. €. MJs ctabuiu3anuy paGoTel anmapaTypel U Me-
XaHH3MOB THAPOIPHUBOJOB.

Jpoccenu (puc. 228) npenHasHaueHbl [JJis PeryJMpOBaHUs pac-
XO0la MXHUAKOCTH NOCPEICTBOM M3MEHEHMS BeJHUYHHBl TPOXOJHOIO
ceueHus1 meau. [lpoccesbHOe peryJaMpoBaHHE THAPONPHBOAOB —
OlIMH U3 Haubojiee pacIpOCTPaHEHHBIX CIHOCOGOB pEery/IHpOBaHuUs
CKODOCTH THJAPOJBHTaTeJell Majofi MOLIHOCTH.

[Ipy npoxoKHeHHH XKHUJAKOCTH yepe3 Liesab APOCCENs YacTh pac-
noJlaraeMoil 3HEpPrHu KHUAKOCTH TepsieTcss Ha MNpeoAOJeHue CONpo-
THUBJIEHUS] 11eJH, YTO NMPHUBOAUT K CHHUXKEHHIO CKOPOCTH THAPOJBHUTra-
Tes. [Ipu Apocce/bHOM peryJupoOBaHHMHM pacloJjiaraeMas Heprus,
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noJydaeMasi OoT Hacoca, MOJKHaA BCerga MpeBpHaTh NOTPeOHYIO
3HEePIHUI0, HeOGXOAUMYIO 1Jisl ABHKEHHs T'HAPOJABHraTe/]s C 3aJaHHOM
ckopoctbio. Ilo ¢opme perymupyemoil mlesmu Apoccesnd PasaensioT
Ha IieJeBble W KaHaBOUHble (CM. puc. 228).

HepPe2YNIUPSEMHI E Pe2yYIUPYEMbIE

Puc. 228

Ha puc. 229 nokasau apoccenb tuna ['-77, KOTOPBIH COCTOUT M3
kopuyca I, mepemHell KDBIIKH 2, 3afHeHl Kpblllku 3, Apoccens 4,
aum6a 5, ymioTHeHus 6, wkanbl 7, raiiku 8. )Kuiakocte B Apocceb
NOABOJMUTCS uepe3 orBepcTue 9 U, npoias wenap /0, oTBOAMTCA Yepes
otBepctue 1.

A-A
7 6 y 10 no
— r..ﬂ B 1

TN

2 Xﬂ -4 0]
2 i J 3&

Puc. 229

B 3aBHCHUMOCTH OT YIVIOBOTO MHOJIOXKEHHs Lienu jApoccens 4 ot-
HOCHTeJbHO OocH 0—0 TpPOXOJHOE CeueHHe ILIeJNH H3MEHSETCs, 4TO
COOTBETCTBEHHO YBEJHMYHBAET HJIM YMEHbLIAeT pPacXon MKHAKOCTH,
npoxojsiess yepes apoccenb. [Ipu HacTpoiike rafika 8 oTxkuMaercs
IJs1 cBobomHOoro nosopora gpoccens 4. OTpery/aupoBaHHOe H ycra-
HOBJIEHHOe Heo6XOJuMOe CeueHHe LIeaH (HKCHpYyeTcss raiikoit &8, Ko-
TOpas NOJKuUMaercsi K JuM6y 5.

B KauyecTBe ApPOCCENBHBIX YCTPOMCTB NPHUMEHSIIOT TaKkKe CIeLH-
aJibHble YNPaBJSAIOLIHE APOCCeIbHBIE 30JM0THUKH (puc. 230), no3BoJis-
Iolllde MJaBHO HU3MEHSATb CKOPOCThb KHAKOCTH B TpyOompoBojgax 3a
CcueT H3MeHeHHA MJomaau pabodyero OKHa.
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B ynpaBasiomem 30J0THHKe 2 KHAKOCTb MOABEpraercsi ABOil-
HOMY npoccejupoBaHHio. F3 Hacoca I/ XHIKOCTb WOJ [aBJeHHEM
nocTynaer B 30/10THUK. IIpu CMellleHHH 30JI0THHKA OT HEHTPaJbHOTO
HCJIOKEHHA B 30JOTHHKe 06pa3yeTcst ABa MPOXOAHBIX OKHA: Ha BXOLe
B TruapoiBuraTeJb 3 M Ha BBIXOJe H3 Hero. JlpoccenupoBanue
JKHUJAKOCTH 4Yepe3 3TH OKHa COmpo-
BOXKJaeTcs NMoTepell SHEPTHH, KOTO- 'r_l
pasi o06yc/lOBIMBAaEeT TOTEPIO [aB- N
JIeHHS.

B wujeanpHoM ympasJsouieM
30JIOTHHKE LIMPHHA MOSICKA IJIYyH-
JKepa JNOJKHa ObIThb paBHa LIHPH-
He npoccenaupylomero okHa. OnHa-
KO Ha NpAaKTHKe [Jisi MOBBIIIEHHS
YYBCTBHUTE/IbHOCTH 4YacCTO JeJaloT
30JIOTHHKH C IPOTOKOM XHUJIKOCTH
(puc. 2316). lllupuna mosicka mJayH-
J)Kepa 3THX 30/I0THHKOB MeHblle IIH-
pPUHBl OKHA Ha HECKOJbKO MHKPOH.
ITpumensiorcst ympasJjsiollfe 30-
JOTHUKH H C NEPEKPbITHEM B HECKOJBKO MHUKDOH. 30/IOTHHKH C me-
pekpbiTHeM (puc. 231B) B HeATpa/bHOM IOJOXKEHHH MMEIOT 3HAYH-
TeJbHO MEHBLIYI0 YTeUKy, HO 30Ha HeYYBCTBHTEJIbHOCTH TaKOro
30JI0THHKA YBEJIHUHBAETCA.

Q) C é) c 6} I

Puc. 230

2L ya — V774 o7 LL
=3 =53 =5
T T
8 A2 SR b

Puc. 231

§ 101. KJATIAHBI

Konanan — caMblii pacnpOCTPaHeHHbIH 3JeMeHT THAPONPHBOJOB.
Ilpu moMoiu KJ1anaHOB NPeJOXPaHsAIOT y3J/bl THAPOIPHBOJLA OT mepe-
IPY30K, YCTaHABJ/JIMBAIOT ONpeJeseHHYIO M0CJeA0BaTebHOCTb paboT
y3JI0B, CO31al0T BIIOJIHE ONpeJejieHHOe HaNpaBJieHHe NOTOKa, ycTa-
HaBJUBAIOT 3aJaHHOe [aBJeHHe, pas3fe/siOT INOTOK Ha 4YacCTu, CO3-
IaloT IOCTOSIHHBIN Nepenaj naBjeHus u Ap. B c¢BA3u ¢ pasHooGpas-
HOCTbIO BHJOB KJlallaHbl PasfesisiloT 0 Ha3HaueHWIO, MPHHIHOY pa-
60TBl U KOHCTPYKLUHH. HacTo OAMH U TOT Ke KjamaH B 3aBUCHMOCTH
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OT MOJKJIOUEHHS €ro B CHCTeMe ¥ HaCTPOHKM MOXKET BHINOJHATh pas-
JIMYHbe (YHKLHH.

[MpuHsiToO pasiuyaTh TPU TPYNNbl KJIanaHOB: OOpaTHbIE, NpPero-
XpaHuTesbHBle (MepefnBHblE H NOANOPHBIE) U PENYKUHOHHBIE.

O6paTHble KiaanaHbl NpeJHasHaueHbl [Jis MPOMNYCKa JKHUAKOCTH
TOJILKO B OJHOM HamnpaBjeHuu. Ilpu W3MeHeHHM HanpaBJIeHHs IOTO-
Ka OGpaTHbIA KJamaH 3aKpHIBAe€TCs M NPOMYCK XXHJKOCTH MpeKpa-
maercsl. B OTKPHITOM COCTOSIHUM OOpaTHbIE KJAMaHbl JOJMKHBEl UMETH
MHHHMaJibHOe COTNpPOTHBJIEHHE, a B 3aKPHITOM — O0GecleynBaTh 3a-
IaHHYI0 repMeTHYHOCTb, IloaToMy ycu-
JHe TIpYKUHBL OOpaTHOro KJjaanaHa
JOJKHO OBITh MHHHMaJbHBIM, AOCTa-
TOUHBIM JIMIIb AJS1 HaJeXHOH nocan-
KM KJanaHa B celJio, TaK KakK KJjanaH
OTKpbIBa€TCsi M 3aKpbIBAeTcsi CHJIOK
JaBJIeHUs XKHIKOCTH.

Ha puc. 232 nokasan nayHXkepHsll
obpaTHblii knaman tuma I-51, koto-
phiit COCTOHT U3 Kopnyca I, KpbllKy 2,
nayHxKepa 3, MpyxXKUHHE 4 U cepna a.

[lnyHxkep & CBOMM KOHHYECKHUM
TOPLOM MpIKHMaeTcst K eIy o, 1u-
JUHIpHUeCKasi GOKOBasi MNOBEPXHOCTb

Puc. 232 INIyHXKepa BXOJUT B HanpasJdloulee
OTBEpPCTHE KopIyca.

IIpu pabore KJaanaHa NOABOAMMAS K OTBEPCTHIO 6 XKHUAKOCTb IPHU-
HNOJHHUMAeT IIYHXep ¢ celja U OTKpbiBaeT NPOXOA B OTBepCTHE 7.

C u3MeHeHHeM HaNpaBJeHUs MOTOKA IOJ JaBJEeHHEM YKHIKOCTH
nJyHKep 8 IJIOTHO NPHKUMaeTcs K ceiny 5. DTo naBjeHHe neficT-
BYeT Ha BCe IONEPeyHOoe CeyeHHe KJallaHa, TaK KaK MacJjo uyepes
oTBepcThe § IJIYHXKepa 8 monajaer B HaAKJIATMaHHYIO MOJOCTh, ¥CH-
Jide TNPHXKHMMa IIyHXepa K CeAJy Bo3pacTaerT C INOBBIIIEHHEM AaB-
JieHHsl, BCJAeACTBHE Yero NpoXoJ| XKUAKOCTH B 06paTHOM HalpaBJeHHH
npekpaitaercd. IIpykuna 4 ClIyXUT JUIIb ISl IPEONOJEHHS CHJIBL
TPeHHd IJIYHXKepa O KOpIycC.

IIpenoxpaHuTtenbHble KJaamaHbl B OTJAHYME OT OGPATHEIX HUMEIOT
NpYXKHUHY ¢ 60OJbLINM ycuaueM npuxuma. [IpuHIun aeficTBusa Kaana-
HOB 3TOH IDYINBE OCHOBaH Ha YpPaBHOBELIMBAHUH CHJBI JaBJIEHHA
JKMJIKOCTH YCMJIMEM IMpPYXKHHBI WJIM NPOTUBOJABJEHHEM IXHIKOCTH.
ITo KOHCTPYKIIMK UX MOXKHO pasfesiuTb Ha NpsMojaelcTByoLIHe, AU D-
(epeHnMasbHble N KJamaHb C CepBOJEHCTBUEM.

Korna rujpponpuBon HeoGX0JUMO NPELOXPaHUTh OT YPE3MEPHOTro
NOBBLIIIEHNS JAaBJEHHS, IPUMEHSIOTCS NpeJoXpaHuTeNbHbe KanaHbl,
OTKPBIBAIOLMECS SMH30AMYECKH B CJyyae TMOBHILIEHHS [AaBJEHHUS
CBEPX YCTaHOBJIEHHOTO NpelesibHOTO 3HaueHust. IlpamoneficTBymomue
npefloXpaHuTeNbHble KJanaHbl MOTYT OBITh LIaPUKOBbIE, KOHYCHbIE
U TJIYH)KepHbIE.
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Haunbosnee mnpocTbiM NpeNOXPaHUTENbHBIM KJIAaNaHOM SIBJSIETCS
wapukoBelil. O6JjacTh NpHMeHeHHS IIapPUKOBOrO MpPeJ0XPaHUTENb-
HOro KjanaHa OTpaHHYeHa, ero HCHOJIb3YIOT NPH MaJjbiX JaBJEHHSX
¥ pacxofax B T'HIPOCHCTeMAax C HeOOJIBIIUMH M PEJKUMH Ieperpys-
xaMu. HagnexHoe ynjioTHeHHe MeXAY IIAPHKOM U CEAJIOM TPYIHO
OCYyIL[eCTBUTb, NIO3TOMY Uepe3 LIAPUKOBBIA KJaalaH B 3aKPHITOM CO-
CTOSIHHM HMeeTcsl yTedka XuAKocTH. Kpome Toro, mpu mnepemycke
JKUJKOCTH LIapUK COBepIIaeT
KojeGaHus W [epPHOAHYECKU 5
yLapsieT [o ceilay. -

3aMeHHB MIapHK KOHYCHOH
TOJIOBKO#H, MOJYYUM KOHYCHBIN
TIpeOXPaHUTEJbHBIH KJamaH.

<k

O6s3aTeNbHBIM yC/I0BHEM Ry
obecreuyenuss TepMeTHYHOCTH 4 '
TaKOro K/JanaHa sBJseTcs CO- S = || /

Ha10leHHe CTPOTrOA COOCHOCTH %
KOHYCHOH W HHJMHADHYECKOH / :
yacTH KJanaHa, HampasJslo- NN N
ilero LUJIMHApa Kopmyca H 1
KOHYCHOTO CeJJjia IoJ K/aamaH.
B nporuBHOM ciyuae KOHYC-
HBI KJjaanaH OBICTPO TepsieT
TepMEeTHUHOCTb.

HaubGosnpinee pacmpocrpa-
HeHWe B THAPONPHBOAAX IO-
JYYHJIH  IIYHXKepHBle  KJa-
NaHBbl.

I1nyH>KepHble KJIanaHul
MOKHO IIDUMEHUTH IJIA IIpejo- Pre. 233
XpaHeHHs THAPONPHBOAA OT
Neperpy3ku, a TakxKe IJs NOAJePKaHHUA ONpPeleJeHHOTO IIOCTOSH-
HOrO JNaBJIeHUs, T. €. B 3aBHCHMOCTH OT NOJK/IIOUEHUS] B CHCTEMe
M HAaCTPOMKH OJMH M TOT 2Ke KJanaH MOMKHO HCIOJb30BaThb Kak
NpenoXpaHuTeIbHBIH, TepeJHBHOH UM MOANOPHBIH.

Ha puc. 233 nokasan paspes IMJIYHKepHOro KJjamaHa tumna I'-54.
[Mocnennuit cocrout u3 KOpIyca 2, HUXKHeH KpBIIKH I, BepxHei
KpBIIKY 4, MJIYHXepa 3, PeryJupOBOYHOTO BHHTA 5 M NPYXKUHBL 7.

TIpykuHa 7 OTXKHMMaeT IUIYHXep & ¥ ero KpaillHee HHIKHee
noJioXKeHNe, pasbeldHHAs KaMepy a, CBS3aHHYI0 C HACOCOM, U Ka-
Mepy 6, KOTOpasl COeIuHsieTcsl co CAuBHOH auHHeH. ONHOBpPeMeHHO
uepes KanuOGpOBaHHOE OTBEPCTHE 8 NaBJeHHe Nepeqaercs Ha HIKHHU
Toperr miyH:kepa 3. Korna naBieHne B cucteMe BO3paCTaeT HACTOJb-
KO, UTO TPEONOJIEBAET YCHJUE NMPYXKHUHBI 7, IIyHXep 3 NepeMmelna-
etcs BBepx. KaMephl @ H 8 COeUHSIOTCS, H KHJKOCTb IlepenycKaeTcs
Ha caus. [as crabunusanuu paboOTH KianaHa, T. e. AJs AeMIdupo-
pagusl KoJseOGaHME INJyHXKepa, NpeAHa3HayeHO KaJubGpoBaHHOE OT-
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Bepcrye 8. HacTpoiika KnanaHa Ha 3afiaHHOe JaBJeHHE OCYILECTBJIsI-
€TCs BHHTOM &, IPH NOMOLIM KOTOPOro H3MEHSIeTCsl YCHJHe NpYy-
JKMHBL 7.

[Ipu 6osblIMX AABJEHUAX JKHIKOCTH JKECTKOCTb MPYKHHBI JOJIK-
Ha ObITb yBeauueHa. UTOGE He NPHMEHSITb NPYKHHBI GOJBLION KeCT-
KOCTH M T€M CaMblM YMEHbUIUTb YacTOTY CBOGOMHBIX KoJeGaHHMH
TJIyHXepa, NPUMEHSIOT 1nbdepeHunaabble Kiaanauel. B nuddepen-

HUaJbHBIX KJamaHaX 4YacTh CHJIbI

JllaBJIeHHs] KHMJKOCTH, JeHCTBYIO-

Lmled Ha TUIYHXKep, YpaBHOBeLIf-

Baercsl ruipaBauyeckd (puc. 234)

3a cyeT pasHOCTH NJjollajxei pabo-

= _ Yed Q; ypaBHOBelIHBaiollel 2y ya-

it CTH INIYHXKepa.

1 n{’, Hecmorpss Ha mpumeHeHue gem-

i npupyoImHUX YCTPOHCTB, MJIYHIKED

e Q KJanaHa coBepuiaer KoJsebGaHus,

1 BbI3bIBAsl IIepUOJMYECKHE H3MEHe-

T HUS [aBJIeHHSI B CHCTeMe. ITHM

HeJ0CTaTKOM CTPaAaloT Bce MpsMo-

Qz nedcTByrole Kaanauel, Jast cra-

6uau3aluy JAaBJeHHs NPHUMEHSIOT

VHUBepcaJbHble NpeNOXpaHHUTe/b-

Puc. 234 Hble KJIallaHbl C CepBOJEHACTBHEM,

KOTOpble NpH ONpelejeHHOM MOA-

KJIOYEHHH B CHCTEME M COOTBETCTBYIOLLEll HacTpPOHKe MPYXKUHBI
MOTYT OBITh MCHOJIb30BaHBl M KaK IepesJHBHble HJH NOANOPHBHIE.

Ilpu nomoly K/JIanaHoB ¢ CepBOLEHCTBHEM MOXKHO NpPeJOXPaHATh
THAPONPHBOJ OT NePerpysok H MOAJAepKHBaTh ONpefeJeHHOe MOCTO-
SIHHOe [aBJieHWe He3aBHCHUMO OT pacxofa KHUIKOCTH.

ITo KOHCTPYKUMHU KJalaH C CepBOAEHCTBHEM NPEACTABJSIET COOOM
KOMOMHUDOBAaHHBIH KJallaH, B KOTOPOM COYeTaeTcs OCHOBHOH IJIyH-
JKepHbIi KianaH 2 ¢ jeMiipepoM H LIaPUKOBBIA CepBOKJanaH 4.

PaccmoTpuM npuHUMN AEeHCTBUS KJjamlaHa C CePBOAEHCTBHEM Ha
npuMepe HauboJiee DacHpoOCTPaHEHHOro KJjamaHa tuna [I-52
(puc. 235). KuamaH cocTouT M3 CHAeYyIOUIIHX AeTaljed: kopmyca I,
IJIyHXKepa 2, NpyXHH 3, 5, IapoBOro cepBOKJanaHa 4 U KPHIIKH 6.
PaGouasi X)UJIKOCTb OT Hacoca MOJBOAUTCSA B NMOJOCTb @ H OTBOJUTCS
OT KJanaHa B 0ak yepe3 noJsoctb 8. [liyHKep 2 HarpyxeHn cnaa6oii
NPYKHUHOH 3 U yZepKUBaeTcsl B HHXKHEM NO0JIOXKeHUU. B 1eHTpanbHoe
OTBEpPCTHE NJYHXKepa 2 BBepHYT JeMidep 8§ (KkaaubpoBaHHOE OTBEp-
cTHE MaJioro AuaMerpa), Npu NMOMOIIY KOTOPOTo KaMepa 6 MOCTOSIH-
HO coobmaercsi ¢ kKaMepoir a. Kpome TOoro, xamepa a coobuiaercs
¢ xaMepo#t 2. Uepes ueHTpasbHOe OTBepcTHe 9 OCYLIECTBJSETCS MO
BOJ, KHAKOCTH H3 KaMmepbl 0 B KaMmepy 6 u nox mapuk 4. [llapuxk 4
NPHKUMAETCsl K CelIy NPYXKHUHOH 5, YCUIMe CXKATHA NPYKHUHB MOXK-
HO peryJupoBaTh INpH TOMOIIH BHHTA 7.
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Iloka cuia AaBJeHHsl XUIKOCTH, JeACTBYIOIlas Ha lIapuk 4, He
npeBbllliaeT BEJIHUYMHBI YCHJIHS, Ha KOTOPYIO OTPEry/IHPOBaHA NPYKH-
Ha 5, mWapuWK NpuUXKAT K CeAJNy M JaBJieHHe B Kamepe 6 paBHO NaB-
JseHuio B cucteMe. IIpH 5TOM IJIyHXKep HaXOZUTCS B HHXKHEM MOJO-
JKeHHH TOJ AeHCTBHEeM MNpYXKUHB 3, TaK KakK CHJBl JaBJeHHs Ha
nayHXep 2 CO CTOPOHBI NMOJIOCTH 6 YPaBHOBELIMBAIOTCS CHIAMH /@B-
JIEHHsI cO CTOPOHBI moJjiocTell 0 U 2. IlpH TakoM MOJIOXKEHHH NJIYyH-
Kepa B NOJIOCTH @ U 8 pa3be-

JUHEHBI, TO3TOMY IIPOXO, XKHJ- 6 7
KOCTHM H3 cuereMbl B 6ak 3a- N
KDBHIT.

Kak ToJBKO cHJa JaBie
HUA XMIKOCTH TpPEOJoJeBaeT
ycuJIHe MPYXKHHB 5, WapuK 4 a4
OTXOAUT OT CBOero cejajaa H
KHIKOCTb B HeOOJIbIIOM KO- <K
JudecTBe W3 KaMmepbl 0 uepes 3
11apUKOBBIH K/anaH 1ocrynaer ’

B KaMepy 8 M OTTya Ha CIUB  pypbp0

M3 xaMepsl O XKHMIKOCTD — [

npotekaer uepes aemndep 8
B kamepy 6. Kanu6poBaHHOe 5
oTBepcTHe Aemndepa 8 cos-
JaeT CcONpoTHBJIeHHe 0OOycC- 1
JIOBJMBasi MOTEPIO JaBJeHus ;
NpH TeueHUH XXKHUAKOCTH, TO3TO- 709
My JaBJieHHe B KaMepe 6 Gyer 9 8
HHXKe JaBjleHHsl B KaMepax a
n 0 Ha BeJMYMHY TNOTepH Ha- Puc. 235
nopa B gemncdepe. B pesysb-
TaTe 06pa3oBaBlieficss Pa3HOCTH aBJeHHH paBHOBecHe HapyIIaercs,
U NOA AeACTBHEM BbICOKOTO NaBJeHHs B KaMepax 0 U e MJYHKep IOA-
HuMaercs BBepX. IIpu nogbeme mayHKepa 2 NOJIOCTH @ U 8 cO00OLLa-
IOTCSl, U KHMIKOCTb MOJ AABJEHHEM INepeTeKaeT U3 INOJOCTH @ B IO-
J0CTh 8, a JaJjee B 6ak. [loxbeM niyHKepa NPOUCXORUT MO TEX 1OD,
noKa He HaCTYNHT paBHOBecHe, T. €. MIOKa CyMMapHOE€ YCHJIME [AaB-
JIEHHSI JKMJKOCTH B KaMmepax 0 U 2 He yMeHbIIHTCS HAaCTOJbKO, UTO
OHO CTaHeT PABHBIM CYMMapHOMY YCHJIMIO NPYXKHHBI 8 H CHJIH [JaB-
JieHusl XKUJKOCTH B KaMepe 6.

ITocse HacTymIeHHs paBHOBeCHS IIYHXKepa JaBJeHHEe KHAKOCTH
B NOJIOCTH @ MOAJAEPKUBAETCS NMOCTOSIHHBIM, a He6OJbIIOe KOJUYecT-
BO JKHJIKOCTH HENDEPBIBHO NMDOTEeKaeT 4Yepes AeMNpep H OTKPHITHII
[apUKOBBIH CepBOKJAlNaH H3 NOJOCTH @ B IOJOCTb 8.

Ecnu naBienne B mOJIOCTH @ MouyeMy-JHGO CHOBA HauMHAET pac-
TH, paBHOBeCHe CHJI Hapyllaercs, TaK KaK YBEJIHMYHBAETCs CHJIA JaB-
JIEHHs Ha TJIYHXKED CO CTOPOHBI KaMep O u 2. ITayHxKep mpomoaxkaer
nogunmartbes. Ceuenue Liequ MexKIy KOPOYCOM U KDPOMKOH TJIYH-
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Aepa pPacTeT, YTO yBeJHUYUBAET MOTOK KHUAKOCTH B MOJIOCTH 8 U MPH-
BOJHUT K YMEHbBIUEHHUIO JaBJIEHHS B MOJIOCTH a. JlaB/ieHHe YMeHblua-
eTcsl 10 TeX NMOop, MOKa CHOBa He YCTAHOBHTCS paBHOBecHe. B cayuae
CHUKeHHs [aBJieHHsl B KaMepe a NPYXKHHA & 3aKPbIBAET IIAapPOBOH
CepBOK/aNaH ¥ NpeKpallaeT CJAHB JKHUAKOCTH H3 TOJOCTH 6, mocie
yero jJaBJeHHe B KaMepax 0, e, O BHIpaBHUBAETCs, NPYyXKHHA 3 omyc-
KaeT IJyHxep 2 W KJanaH 3akpblBaeTcs. PerynuposaHde KjamaHa
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IIDOH3BOAHTCS H3MEHEHHEM Ha-
TAXKEHHS TPYXKUHBL 5 myTeMm
nosopora BuHTa 7. Kianan
tuna [-52 ornuuaercss 6odb-
MOl YYBCTBHTE/JIbHOCTbIO, pa-
6otaer crabuibHO Ge3 KoJje-
6aHufl W 1wyMmMa, TaK Kak
JeMndep TOPMO3UT IBUKEHHE
IJIyHXKepa, Norjolas 3Hep-
THIO CXKAaTOH NPYXKHHBI.
Paccmorpes paGory mpe-
JOXPaHUTEJbHbIX  KJIallaHOB,
MOXHO 3aKJ/JIOYHTb, YTO OHH
SIBJISIIOTCS ABYXXOJOBBIMH TIPSi-
MOAEHCTBYIOIIUMH  KJjalaHa-
MH: 3aKpBITBIMH TIpH HOp-
MaJbHOM MNaBJEHHH H OTKPHI-
BAIOIUMHUCS MpPH TNOBBILIEHUH
JaBJeHHsI Ha BXOJe B Kjamat.
J1s CHUKEHHS] IaBJIeHHsI
NPUMEHSIOTCS PeAYKIHOHHbIE
knanaHel. B orsanume or mpe-
JOXPaHHUTEJNbHOr0, YIpPaBJsio-
UM BO3JeHCTBHEM pelyX-
IIMOHHOr0 KJjanaHa $iBJ/seTcs

JlaBJeHHe Ha BBIXOJeE, T. €. OH cpabarbiBaeT NPH U3MEHEHHH JaBJje-
HHMA Ha BBIXOJe u3 KjanmaHa. Jlo cpaGaTbiBaHUSA NJYHXKepP pelyk-
LHOHHOr0 KJanaHa yJep:KHUBAeTCs B OTKPBITOM IOJIOKEHHH TNPYXKH-
Hoi. Ecsin naBieHue Ha BbIXOJe M3 PeAYKUHMOHHOIO KjanaHa [peBbl-
CHUT YCTAHOBJIEHHYIO BeJHUYUHY, CHJA AaBJEHHS XKUAKOCTH Ha KJja-
IaH COXMeT NPYXKHHY, H IJIYHXKep HayHeT NMepeMellaTbcsl B CTOPOHY
3aKPBITHS, 3aTPYAHSSA IPOXOJA XKUJAKOCTH uepe3 KjanaH. J[BuxkeHHe
IJIYHKepa B CTOPOHY 3aKPBITHA OYAeT NPOHCXOAUTH 10 TeX MOp, MoKa
He YCTaHOBHTCS 3afaHHOe NOHMXKEHHOe JaBJeHHe Ha BBIXOAE U3
KnanasHa. B ruapompuBonax NpPUMEHSIOTCH IIYHKepHble peaykK-
LHOHHBle KJaMmaHBbl.

Ha puc. 236 nmokasan peAyKLHOHHBIN KJalaH C CepBOLAEHCTBHEM
tuna I'-57, KoTopHI NpefHa3HayeH AJsA PelyHUPOBAHHSA M MOAJep-
JKaHUA NaBJIEHHS, CHUXXEHHOTO 10 CPaBHEHHIO C JaBJieHHeM, pPa3Bu-
BaeMblM HacocoM. KianmaH coctouT u3 Kopmyca /, miyHxXKepa Z, npy-
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sKHH 3 M 5, wapoBoro cepBokJanaHa 4 W Kpblike 6. PaGouas
JKHAKOCTb IOABOAMTCS B MOJOCTb @ M OTBOLUTCH 4yepe3 KaMepy 8.
[TayHxkep HarpyxKeH caabGoi NPYXHHOH 3, KOTOpasl ylIep:KUBAET ero
B HHXKHEM TNOJIOXKEHHH.

B uenTpajbHOe OTBepCTHe ILIyHKepa BBepHYT AeMmncdep &, ue-
pe3 KOTOopbifl Kamepa 8 MOCTOSIHHO coobiiaercst ¢ kamepoit 6. Kame-
pa e coobiaercsa ¢ kamepoil 8 uepe3 gemndep 10. llapuk 4 npuxu-
Maercsi K CelJjy INPYXKHHOH J.

VYeuaune cxaTis TIPYKHHBL 5 MOXKeET PeryJHpoBaThCs IPHU MOMOLLH
BuHTa 7. [Toka maBjieHHe KHUIKOCTH, AeHCTByIOLlee Ha INapHK 4, He
HpeBbILIaeT BeJHYHHBl YCHJHS, HA KOTODOE OTPery/JMpoBaHa NpPYKH-
Ha 5, wapuk 4 npuxkar K cemay. Ilpu 3Tom miayHxep 2 HaxoauTcs
B HHXXHEM TMOJIOXKEHHH TNOJA NefCTBUEM INPYXKHHBI 3.

B HuXKHEM MOJIOXKEHHM IJIYHKepa MOJIOCTH @ U 8 COelHUHEHBI,
NO3TOMY KHJAKOCTb H3 CHCTEMbl CBOOOZHO NpPOXOAUT 4epe3 pelyk-
LHOHHBI} KJaNaH, H JaBJieHHe B [IOJOCTH 8 PABHO JaBJIeHHIO, Pa3BH-
BaeMOMY HaCOCOM.

Korna cusa naBJjieHust Ha BEIXOJEe W3 KJamaHa MpeofoJieBaeT CH-
JIy TOpPYXHHBl §, IWapoBOH KJanaH 4 OTKpbIBaeTCs, H MacJo M3 Ka-
MepHl 0 HauyMHaeT NMpOTeKaTb uepe3 Aemndep 8 B KaMepy 0, OTKyaa
yepes WapOBO KJamaH nonajaaer Ha cauB. B orBepctuu nemndepa 8
HPM TEYeHHH KHUAKOCTH MPOHCXOAMUT MOTEpsl JaBJEHHS, TMO3TOMY
JIlaBJieHye B KaMepe 0 GyleT HUXKe, YeM B KaMepax O u ¢, Ha BeJIHYH-
Hy moTepu NaBjeHusi B AeMmndepe 8. BeaencrBue storo maysxkep 2
NOJZHHMaeTCH.

TMonHuMasich KBepxy, IJIYHKep 3aTPYJNHSIET NPOXOML KUIAKOCTH H3
MOJIOCTH @ B KaMepy 8, B Pe3ysbTaTe Yero INPOUCXONHT MOBHLILIEHHE
JaBJIeHHS] B IIOJIOCTH @ TIO CPAaBHEHHIO C [aBJeHHeM B MOJIOCTH 8.
Korzna naBieHune B KaMepax & 1 0 YDaBHOBECHT CHJy JaBJIeHHS B Ka-
Mepe 6 ¥ ycuaue NPYXHHBI 8, HACTYNUT paBHOBeCHe IIYHXKepa.

Ecanu naBienne B KaMepe 8 nmoueMy-1160 HauMHaeT NMajaaTh, pas-
HOBecHe CHJI, AeHCTBYIOLIMX Ha IJIyHXKep 2, HapylIaeTcs, TakK Kak
YMEHbUIAIOTCS CHJIBI JaBJIeHHS] Ha IJYHXKepP CO CTOPOHBI KaMep & H J,
cooGarluxcss ¢ kamepoir 8. Ilpyxuna 3 oTxkumaer niayHxkep 2
BHH3, YBEJIHYHBAs CeUeHHe IeJU MeXAY KOPNYCOM U KPOMKOH IJIYH-
’Kepa, 4TO YBeJHUYHBaeT NPUTOK XKHUAKOCTH B KaMepy 8, a CJeJoBa-
TeJbHO, M JaBJieHUe B HeH [0 TeX NOp, N0Ka paBHOBECHE ONATh He
ycraHosurcs. Ilpu pa6ore knanana I'-57 u3 ero npeHaxHOro orsep-
CTHs HeIPepHIBHO NpPOTeKaeT HeGOJIbIIOe KOJHYECTBO JKUIKOCTH, a B
MarucTpaJju nocje KianaHa INOALepKHBaeTcsi MOCTOSIHHOE JaBJIeHHe,
MeHblllee, YeM B HaNOpPHON MarHCTpaJH Hacoca.

§ 102. BCIOMOTATEJIbHBIE YCTPOHWCTBA

K BcnomoraTenbHbIM YyCTPOHCTBaM THAPONPHBOAOB OTHOCAT TPY-
GonpoBoApl M HX COeiMHeHHs, OGakH, (UABTPH, THIPaBJHUECKHE
MYJbTHIIMKATOPE H aKKYMYJSATODBHIL.
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Tpy6onpoBoabl cayXaT KaHajlaMH, IO KOTODbIM 3HEPTHs OT Ha-
COCOB NOCTyNaeT K FHADOJABHraTesIsiM. B 3aBHCHMOCTH OT yC/IOBUH
paboThl NPHMEHAIOT XeCTKHe H rubkue TpybompoBonsl. Yalle Bcero
B KauecTBe TPyOONPOBOAOB THAPONPUBOAOB INPHUMEHSIOT KPYTJble
cTajbHble GeClIOBHbIe TPYOBI U HHOrAa TPYObl M3 aJIOMHHHEBbIX
cnyiaBoB M 4yyryHa. I'uapasaudeckuit pacuer Tpy6ONpOBONOB MPOHU3-
BOAMTCS N0 ¢opMyJaM THAPABJIHKH HNPHMEHHTEJIbHO K TEYEHHIO
Bsi3ko#l xuiakoctd. CoefnHeHuss TpyO M NPHUCOEAMHEHHE HX K 3Jie-
MEHTaM H y3J1laM THAPONPHBOAOB JOJIXKHBI ObITb NMPOUHBIMH H repMe-
THYHBIMU. TIpu coequHeHHH CcTa/JbHBIX TPYG INPUMEHSIOT CBapKy,
(daanuessle coennHenusi, CoenuHende TpyO HEGOJBUIOTO AHaMeTpa
MpPOU3BONUTCS HaKHAHBIMH TaflKaMH ¢ pa3BaJIbLIOBKOH cOeNHHSIeMBIX
KOHILIOB TPYO; AJIS1 BLICOKHX H CBEPXBBICOKHX JaBJEeHUH IPHMeHSeTCs
HUIINeJIbHOE COeJHHEHHE.

B nocsnenHee BpeMsi HaXoIAT NpUMeHeHHe LIADHUPHblE U TIPY-
JKHUHSIIHE COeJIHHeHHs CTaJbHbIX TPYO.

B cayuasx, Korza HMeeT MeCTO B3aHMHOe lepeMelleHHUe Y3J0B
THpONpPHBOJA BO BpeMsl paboThl, HX COEIHHSIOT TUGKUMU TPYyOOIpO-
BoLaMH (pe3HHOTKaHeBble LIJAHTM U MeTaJJIHuecKHe pykama). B co-
BpeMEHHBIX T'MAPONPHBOJAAX HCMOJNb3YIOT TPYOB M3 apMHUPOBAHHBIX
TJIaCTMAacC Ha OCHOBe MOJIM3(GHUPHBIX HJIM SMOKCHIHBIX CMOJ C apMH-
poOBaHNeM CTEKJOBOJOKHOM OCOGEHHO B TeX cJayuasix, Korja MeraJ-
Juyeckue TpyGbl HENPUMEHHMEBI H3-3a 60JbIIOro Beca WJIH HELOCTa-
TOYHOH XHMHYECKOH CTOHMKOCTH.

Ilpu pabore runponpuBoja NMPOUCXOAUT HENpPephIBHOE 3arpssHe-
Hue paboueil )unkoctu. JKHAKOCTh 3arpsi3HsieTcs 3a CHeT IIOCTOPOH-
HHX TeJ, MPOHHKAWIUUX M3BHe, M 3a CUeT pas3pyllleHUS H H3HOCa
Tpyluxcsi noBepxHocteil. ITosToMy B cxeMe ruaponpHBoia Heo6Xxo-
JMMO MNpefycMaTpHUBaTh IOCTOSIHHO HAeHCTByOLMe QHUIbTPYOLHE
ycrpoiictBa. B ruapompuBozax ualle BCEro IPHMEHSIOT (QUIbTPHE
MeXaHHYEeCKOH OYHCTKH XKHIKOCTH.

B ¢uabTpax HCHoJb3YIOT pa3iMuHbBle GUIbTPYIOLIHE MaTepHaJbl:
MeTaJlIMyecKre CeTKH, MeTaJjJMuyecKHe TJAaCTHHKH, TKaHb, BOWHJOK,
6yMary, TpPONHTAHHYI0 MAacJOCTOMKHMH CMOJaMH, IJacTtMaccy,
MeTaJIOKepaMHKy, IOPUCThle MeTasaaudeckue MNopoliku. Kpowme
(UIBTPOB MeXaHHYECKOH OUHCTKH, IPUMEHAIOT LIeHTPOOEXKHbIe OUHC-
THUTEJHM, MarHUTHble W 3JeKTpocTaTHyecKHe (UAbTPh. PUIBTPH
B T'UJPONPHBOJie YCTAHABJHUBAIOT B 3aBUCHMOCTH OT HX Ha3HayeHHS
un ycaoBHi pa6GoTel b0 mnocjenoBaTeNbHO, MO0 TapaJielbHO,
U TPEHMYLIECTBEHHO B HAMOPHLIX MAarHCTpaJsX, B JETKOJOCTYIHBIX
MecTax.

Hjs momonHeHWsi W NMUTAHMS CHCTEMBbl THAPONPHBOLa pabouell
JKHAKOCTBIO MpeLyCMaTpPHBAIOTCA clelHanbHble 6aku. C nenabo yayuy-
IIeHUs] OTCTOSI Macja W OTBOJA TelJla MHHMMaJbHas €MKOCTb 6aka
Jo/KHAa B 2—3 pasa mpeBHIlIaTh MUHYTHYIO Hojayy Hacoca. B 6a-
Kax JeJaloT NeperopofiKd IJs OTIeJeHHs JHHHHM CJAHMBa OT BCacChl-

o . 2
BalOLlet JHHMK. BBICOTY meperopojkn MPHHHMAIT paBHO# 3 h, rae
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h — ray6una sanosnneHusi 6Gaka >KHAKOCTbIO. PacrosoKeHue U KOH-
CTpyKuMs Gaka MO/KHBI OGecneunBaTh NPOCTOTY €ro 3anojiHeHHs
U JIETKHH KOHTPOJIb YPOBHS :KHMAKOCTH. UacTo 6aKu BBHINOJHSIOT 3a-
KDBITBIMH M 3aMOJIHAIOT BO3AYXOM HWJM IPYrHM Tra3oM IOJ jaBJjie-
nueM. [IpuMeHeHne sakphiThix 6akoB yayuliaer paGoTy BCachlBalo-
IWHUX JHHUHA, HAcoChl Npu paboTe Jyulle 3aMOJHANOTCA XKHIKOCTHIO.
Pacxon xuakoctd, mnorpebsaseMoi THA-
poABHUraTeseM, MOMXKeT H3MEHSITbCS C Teue-
HHEeM BPeMeHH NpH NOCTOSHHOH mojaye Ha-
coca. B HekoTOprle NpPOMEXYTKH BpeMeHH
OH MOeT ObITb OOJibLIE U MeHblle cpelHel

noJjayy Hacoca.

Puc. 238

Pnuc. 237

Ina oGecnieyeHHss HOPMaJibHOH pa6oThl rHApPONpHBOAAa Heob6Xo-
IuMO Jin60 NperyCcMOTPeTh Hacoc, Mofaya KoToporo 6bliia 6bl paBHa
MaKCHMaJIbHOMY pacxXofy rujpojsuraresef, Ju60 THADPaBIHYECKUIl
akgymyastop. OueBuIHO, YTO IPHMeHeHHe Hacoca ¢ GOJIbILIOH Mofxa-
yeil onpaBAbIBajio ce0s TOMBLKO B TedeHHe HeGOJBLIOrO OTpe3Ka Bpe-
MeHH, BO BCe OCTaJbHOE BpeMs H3JHIIeK XKHAKOCTH He06X0AuMO Obl-
JIO BHIIYCKATh HA CJIUB B GaK.

Ecan nomaua Hacoca OoJbllie pacXoja 4Yepe3 THAPOABH-
raTejqd, JHUAKOCTb MOJ [aBJIeHHEM HaKalluBaeTci B oObeMe
rUJpOaKKyMyJsiTopa, ecd JKe OHa MeHblle MaKCHMaJbHOTO pac-
XoJ4a THApPOJBUraTeNeli, aKKyMyJsTOD BO3BpallaeT XHAKOCTb [OA
IlaBJIeHHEM B CHCTeMY, obecrneuHBasi BMecTe ¢ HaCOCOM MakKcHMaJlb-
HBI pacXoX KuAKocTH. [IpHMeHeHHe THIPOAKKYMYJ/ATOpa AaeT BO3-
MOXKHOCTb TOBBICHTb KO3(D(HUMEHT HCNOJL30BAHHS MOIIHOCTH Haco-
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ca, obecneuutb O6osee paBHOMepHYIO paGoTy TrHAPOJABUraTe/ el
€ ycTpaHeHHeM NyJbCalUi JaBJjeHHs, co3JaBaeMblXx paboToi Hacoca.

I'mapaBnuyeckde aKKyMYJSTOPbl MOTYT ObiTb IHEBMaTHUYECKHE,
rpys3oBble u NpyxuHHHBlE. Haubosbilee pacnpocTpaHeHude MOJIYYHIH
MHeBMaTHYeCKHe THAPOaKKyMynasTopel (puc. 237). Has noaydyeHust
BBICOKHX JaBJIeHUH, KOTOpble He MOTYT GBITL OGecHeueHBEl HACOCOM,
HallJId TpHMEeHeHHe MYJbTHIVIMKATOpPHl JnaBieHus. Ilpocrefimas
cxeMa MyJbTHILIMKaTopa [/ mnokasana Ha puc. 238. K umunuHippy
60JIbIIOr0 AMaMeTpa INOABOJUTCH KHUIAKOCTh NOJ HTAaBJEHHEM HACO-
ca 2. Ilpu ABUKEHHH IJIYHKepa MYJbTHIIMKATOPA B MaJOM IHHJIHH-
Jpe HaBJeHHe YBeJHYHBAETCS NMPOIOPIHOHANBHO COOTHOILIEHHIO IJIO-
mageld LMJIHHIPOB.

TakuM 06pa3oM, JIaBJeHHUE Py XKUIKOCTH IOCJAE MYJIbTHIIHKATO-
pa Oyner paBHO

D2
P2 = P1 g,

rie p; — JaBJieHHe, CO31aBaeMOe HaCOCOM;

D — nuametp 60J1bIIOTO UHJIHHAPA;

d — nuaMeTp MeHbLIEro MUJIHHIPA.

MyJbTHIIMKATOP YCTAHABJIMBAETCS MEXKAY HAacOCOM W CHJIOBBHIM
LUAHHAPOM & BBICOKOrO [aBJIEHHUS.

TI'rasa 0sadyars sTopas
CXEMbI YCTPOVICTBA OBBbEMHbLIX THAPOIIPUBOOOB

§ 103. HABHAYEHHE U KJIIACCH®HKAILLHS THIAPONPUBOLOB

O6bemMHBI THAPONPHUBOJ NpeJHa3HayeH LJs Iepefadyd u Mpeol-
pa3oBaHUs MEeXaHHUECKOH 3HeprMH MOCPeJCTBOM OObeMHBIX THUAPO-
maiuuH. [IpuHIUNKHAAbHOA OCHOBOH O06BEMHOIO THMAPONPHBOJAA SIBJISA-
eTcs o6beMHas ruaponepenaua (puc. 219, 222), cocraBieHHas U3 Ha-
coca u ruapoasuratens. Ecau Hacoc W THUAPOJBUTATeNb KOHCTPYK-
THBHO COCTaBJSIIOT Hepa3desJbHBIH Yy3eJ, TO TaKOH NpoCTedmuil
THAPONPHBOJ HasbBalOT 00beMHOH ruaponepenadeél. B cayuae,
€CJIi CHJIOBasi THIPOCHCTEMAa COCTaBJIeHa M3 OTAeNbHBIX HAacOCOB,
rHIpOABUTaTENed M CONEPXKMT 3JIeMEeHTH THApoalnapaTypel, BCIO-
MOraTejibHble YCTPOUCTBA, TAKyI0 T'MAPOCHUCTEMY TaKiKe NMPUHSITO Ha-
3piBaTh OOGbeMHBIH THaponpuBon. Takum o6pasom, mon OGLIHM Ha-
3BaHHeM OGBeMHBbIH IHIPONPHBOJ OOBEIHHSIOT NMpOCTelline 06beM-
Hble THApPOMEpeNayl ¥ CJIOXKHbIEe CHJIOBble THAPABJIHYECKHE CHUCTEMBI,
cayxaliue NJ5 epesavyy H npeo6pa3oBaHusl MeXaHHYeCKOA 3HEPTHH.

C nmnpumeHeHHeM aBTOMAaTHUeCKOTO YNpaBJeHHs MallHHaMHu
H TIPOM3BOACTBEHHBIMH NpOleCCaMH 3HaueHHe THAPABJIHYECKHUX HpHU-
BOJOB BO3pacTaeT, TaK KaK 3THM BHJOM INPHUBOAA JIETKO YHNPaBJSATh
H ero MOXHO aBTOMAaTH3HPOBAaTb NPOCTHIM BO3AEHCTBHEM Ha MOTOK
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JKHIKOCTH NIPH NOMOLIH HaJeXHBIX YCTPOHCTB THApOaNnapartyphl.
Tak, HanpuMep, Opu nomoumu 06bEMHOr0 THAPONPHBOAA JIETKO MO-
JYYHTb 3aJaHHbIH 3aKOH H3MEHEHHsS CKOpOCTell ABMXKEHHUs, YCHIHH,
KDYTALINX MOMEHTOB, [IOCTHYb YCHJIEHHSI CHTHAJOB B HECKOJBKO
THICAY pa3, obecneynTb OeccTyleHYaToe M aBTOMaTHYeCKOe H3MeHe-
HHe CKODOCTH JBHXKEHHMS B 3aBHCHMOCTH OT HAarpy3KH H psj ADPYTHX
omepauui, HeOOXOJHMBIX NPH aBTOMATHYECKOM YIpaBJeHHH.

Ilo Buay aBuraTensi BHIXOAHOI'O 3BeHa THAPONPUBOAA pPasjHyaioT
IMJPONPHBOABI NOCTYNATENbHOTO M BpaLlaTeJbHOTO [BUIKEHHS.

IlosToMy HanMeHOBaHHe THJPONPHUBOJA ONpeNeNsieTcs THIOM
rujgpoasurarensi. MameneHue BenuuuH, XapakTepusymouux paborty
IHApOJBHraTe s, IPOU3BOAUTCSA PeryJHpoBaHHEM NOMAYH KHUAKOCTH
H BeJMYHHBI JaBJieHHS B MarucTpaJid, coefHHsIOUlell HacoC ¢ THApO-
nBurarteneM. [To Buay ynpaBJieHHS THAPONPUBOABI pPa3AeNdiOT Ha He-
peryjaupyemble, peryjupyeMble ¢ pyYHbIM U aBTOMaTHYeCKHM yIpas-
JieHUeM H cJelsllHe.

l'uppaBanueckue npuBOAbI BecbMa pa3HoobOpasHel. [lostomy
B Ipefieslax ONHOIO Kypca HeBO3MOXHO PacCMOTPeTb BCe UX BHJBL.
Huxe onucaHbl TOMBKO NpOCTEHINHEe THAPONPHUBOABI OGLIEr0 Mallu-
HocTpoeHHs. [MAPONpPHBOALI CHelHa bHOr0 Ha3HayeHusd U cjaejsiiue
CHCTeMbl pacCMaTpHMBAIOTCA B COOTBETCTBYIOLUMX CIelHaJbHBIX
Kypcax.

Kaxk 6blJ10 YKa3aHO, B COCTaB THApPaBJMYeCKHX NPHBOJOB KpPOMe
HacoCOB M THApPOABHraTesJeHd BXOAAT alnmapaTypa M BCIOMOraTe/b-
Hble ycTpoiicTBa. AnmapaTtypa COBpPeMeHHBIX T'MAPONPHBOJIOB pa3HO-
o6pasHa N0 Ha3HayeHHI0, NPUHUUNY JAeHCTBHS, KOHCTPYKTHBHOMY
BHIOJIHEHHI0O W pa3Mepam. Ilpu GosbluoM uMc/e TMIpaB/IHYECKUX
anmapaToB CHCTeMbl TMIPONPHUBOJOB CTAHOBATCSH CJOXKHBIMH. B 06-
1eM BHJE€ HX MOXKHO H300Da3UTb TOMbKO CXeMaTHYECKH.

I'mnpaBauueckass anmapaTtypa BBHINOJHSAET (QYHKUUU KOHTDOJS
yIpaBJieHus, pa3rpy3Ky, PeryIupoBaHusi THAPONPHBOAA H COCTOHUT H3
OTIeJbHBIX 3JieMeHTOB (1poccend, KjaanaHbl, NpHOOPHI, 30/JO0THHKH,
ruJpaBJHyecKHe pesie) W MaHesel, CKOMIOHOBAHHBIX M3 HECKOJbKHX
3JIEMEHTOB. DJIeMeHTHl MaHeJH TO03BOJSIOT C OJHOrO MyJabTa obecre-
YUTh HEOOXONHMMYIO [OCJef0BaTeJbHOCTb BCeX 3TaloB paboyero
UykKJaa THAPONpPHBOJA.

§ 104. TUAPABJIMYECKUE PACYETHI 3JIEMEHTOB I'MIAPONPUBOJOB

CocraBnennble Bhille JuddepeHnuanbHbie ypaBHeHus (136)
JBHXEHHS HEBsI3KOH (MAeasibHON) XUAKOCTH MOXXHO NPUMEHHUTb IS
OJIHOMEDPHOI'0 TeUeHMS] HEBSI3KOH XKHAKOCTH BJOJb ONHOIO Hampas-
jgenus. [TycTh TeueHue NPOUCXOAMT B HaNpaBJEeHHH OCH OX, T. €.
i = u,. JluddepenunanbHoe ypaBHEHHE [BHIKEHUS TaKOTO OJHO-
MEpHOro MABM:KeHHS OyIeT HMeTb BH],

d d
v =X —F (552)
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ITpu BHiBome ypaBHeHu# (136) BSI3KOCTb JKUAKOCTH M CBS3aHHAA
C He#l NOTeps MEeXaHWYeCKOH JHeprHu NP JBHKEHHH YaCTHIGI
JKUAKOCTH He YUYHTHIBAJMCh.

B sjemeHTax THADONPHUBONOB TeueHHE KHUIKOCTH, KaK MpPaBHUJIO,
MOXHO CUMTATh OJHOMEPHBIM, HO IOTEpPSIMH 3HEepPruH, BO3HHKAIO-
IIMMH B CBSI3H CO 3HAUHUTEJbHBIM BJHSIHHEM BSI3KOCTH, MpeHeGperaTth
Henb3s. Jlasi pacmpoctpaHeHHsi ypaBHeHus (552) Ha oJHOMepHOe

TedeHHe BSI3KOH JKHIAKOCTH €ro

J HeoO6XOAMMO JIOTIONIHUTb UYJIEHOM,
Ted7 %\ VUUTHIBAIOIIUM  BJHSHHE Bf3-
L1+ i+ du KOCTH.

[TockoJsbKY BCe CHJIBL B ypaB-
— u Henuu (552) OTHeCeHBl K eNHHH-
S e o6beMa ABMKYILEHCS XHAKO-

|
O3S S SN NNNNNNNNNN T CTH, TO U H3MEHEHHE CHJ BA3-

KOCTH [OJI2KHO OBITb OTHECEeHO

Puc. 239 K enqunune obbvema. [1ycts yactu-

1a XHIKOCTH €XHHHUYHOTO 00be-

Ma (puc. 239) ABHKETCS B ONHOMEPHOM IIOTOKE BSI3KOH KHUIKOCTH

BIOJb OCH OX, a U3MEHEHHe CKOPOCTH HMEeT MECTO TOJbKO BHOJb

ocu oy. Ilpu Takom TeueHuH abCOMIOTHOe 3HAUEeHHE KacaTeJbHOTrO

Hampsi)KeHHsl T OT BHYTPEHHEro TPeHHs JKHUAKOCTH IJIS eIHHHYHOTO
o6beMa MOXKHO yuectb mo Hbrorony:

u
T = p‘ zi?/ N
du
rae @—rpanﬂem CKOPOCTH BJOJIb OCH 0Y.
Hsmenenue kacatesbHOro Hanpﬂ}KeHHH BJIOJIb OCH 0y paBHO
('r.) du\ d%u
dy Pay) =Y agE-

Takum o6pa3om, YUHTbIBAS BJAHSHHE BSI3KOCTH B ypaBHeHHH (DD2)
d*u
LOTIONHHTENbHBIM UICHOM {7z , MOXKEM DAacmpoCTPaHHTb ero Ha
OLHOMEpHOe TeyeHue Bﬂsxoﬁ mum{ocm'

pdt = pX + dy3 . (553)

PaspmenuB Bce ujieHbI ypaBHeHHa (553) Ha p u npeneGperas He-
3HAYHUTEJbHBIM HU3MEHEHHEM CHJIbl TSXKECTH B TOHKUX CJOSIX MEXKIY
JeTaJisIMH THAPOMPHBOAA, NIOJYUHM ypaBHEHHE ONHOMEPHOTO TeYeHHUs
BA3KOH KHUAKOCTHU:

du du 1dp

OueBuaHO, YTO 3PHEKTUBHOCTb OGBEMHBIX FHAPOMALIMH H [HAPO-
anmapaTyphl, a C/l1eJOBaTeJbHO, U T'MIPONPUBOJA B LEJIOM 3aBHUCHT
OoT MHOrux ¢axrtopos. Ho riaBHbIMH H3 HUX ABJAIOTCA TepMeTHY-
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HOCTb NMOABMKHBIX COeJIHMHEHUH U BeJUYUHA CHJ TPEHHSA B THX coe-
JuHeHusX. B cBowo ouepelb, repMETHUHOCTb M CHJIBL TPEHHS B IO-
JIBHXHBIX COENMHEHHMSX 3aBHCAT OT BEJHUHHBI 3a30POB, CKOPOCTH,
JllaBJeHuss U pU3HUecKHX CBOHCTB paboueil xupkocTH. KosuuecTBeH-
HYI0O CBSI3b MeEX]y YKa3aHHbIMH (DakTopaMu NPUOIMIKEHHO MOXKHO
Ha#TH, BOCIOJNb30BABIINCh AM(DQepeHnaJbHbIM ypaBHeHHeM (554).

TeueHue BSI3KOH KHJIKOCTH B MaJjblX 3a30paX 6, COOTBETCTBYeT

ud
JlJaMHHapHOMY DeXHUMY TeuyeHHUs, TaK KakK 4Hucjao Re = —v—° < 2300.

[Ipyu naMuHApPHOM TeYeHHUH y
BA3KOH JKMJKOCTH H3MeEHe-
HHEeM  HMHEPUHOHHOH  CHUJBI
MOXKHO npeHe6peub. CoenoBa-
TeJbHO, AHpdepeHnHaNbHO.
ypaBHeHHe OJHOMEpHOro Ja-
MHHApHOTO TeYeHHs1 BS3KOHU
KHUAKOCTH B MaJbIX 3a3opax
W LIeJsiX MOXKeT OBbITh 3amH-
CaHo B BUIe

d d%u
L =btge (555
Paccmorpum UUJIHHAD

(puc. 240), BHyTpM KOTOpPOro KOHIIEHTPHYHO INepeMmellaeTrcss HOp-
LieHb C MOCTOSIHHOM CKOPOCThIO Uo. [1ycTh BesHuHHA 3a30pa MeXAy
HOpIIHEM M LH/JIMHAPOM DaBHa O, JaBJeHue p; > p,. Beibupas ocu
KOODJIHHAT TaK, KaK IIOKa3aHO Ha PHCYHKe, NPDHMeHHM AuddepeH-
nuanbHOe ypaBHeHHe (DOD) W MpPOHMHTErpHpyeM ero NpH IPaHHYHBIX
YCJIOBHSIX:

1) eciu y =0, 10 4 = v,;
2) eciu y =38,, o u=0.

Ilepen HHTerpHpoBaHHEM 3aMeTHM, YTO ypaBHeHHe (555) MoOXKeT
HMETb MECTO TOJIbKO B CJydae, eCJH JieBas W IpaBas YacTH ero
PaBHBI OJXHOM INOCTOSIHHON BeJHYMHe, TaK KaK MeXay (QYHKIUSIMH,
3aBUCAIMMH OT Pa3JIMYHBIX IePEeMEHHBbIX, PABEHCTBA OBITh He MOXKeT.

Takum o6pa3som,

dp _ _ p1i—ps __
IV- = — —'—'2— = Const, (556)
ruge —u—' najgenyve JaBJ€HUA Ha €JUHHLY JIJIHHbI NOPIUHA.

l

3Hak MHHYC IIOCTaBJIEH MOTOMY, UTO IOJIOXKHUTEJbHOMY IpHpalie-
HHUIO KOOpAHHAThl X Ha Yy4dacCTKe l COOTBETCTBYET YMEHbIUIEHHEe NaB-
JICHH .
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ITpunumas BO BHMMaHHe BhipaxkeHne (556), nuddepeHunnagsbHOE
ypaBHenne (555) nepenumieM B BHIE

du _ pr—ps
=T T (557)
Wnrerpupya ypaBHeHue (557) aBaxKiabl, MOJYyYHM
u=—Blyt 4 Cy +Ca. (558)

[TocTosiHHBIE  HHTErpHpOBaHHS  ONpeAeIHM H3 TPaHHUYHBIX
VCJIOBHIH:
1) mpu y =0 C; = vy,

— P2
2 3 80

Takum o6pasom, noacrasus 3HaueHue C, u Cy B dpopmyny (558),
NOJIYyYHM 3aKOH H3MEHEHMsl CKODOCTH B 3a30pe:

PPy Ge—y) + o (1= 1. (559)

3Has u, Jerko HalTH yTeuKy XKHAKOCTH Qo uepe3 3aszop &p. Pac-
XOJ XHUAKOCTH Yepe3 3.nemeHTapHoe KOJIbIO TOJUINHON dYy paBeH

dQ, = uxDdy = [ P2y (3, —y) + v, (1 — —)] =Ddy. (560)

2) npu y =23, C;, ="~

u =

Hnrerpupys ypaBHenue (560), mosyyuM pacxoj yTEUKH XKHAKO-
¢t 4yepe3 3as3op O

8y
Q, = S dQ, = ("112—}1;’2 3+ "—330) xD. (561)
0

Ecau nopuieHb B HUIHHADE PACIOJOXKEH IKCUEHTPUUHO, TO Q =
= 2,5 Qo. Ilpu TypOyJIeHTHOM TEUEeHHH XKHIKOCTH uepe3 3a30p BJus-
HHe SKCUEHTPHYHOCTH MeHblle M IIONPaBOYHBIH KO3p@HIUEeHT pa-
BeH 1,2,

Taxum o6pasoM, pacxo0 yredku iudKOCTU 1epe3 3a30p NPonop-
yuonasen kyby sesudurdvl 3a30pa.

3as30pbl U lleJgd NPH TEYeHHUH Maces BCJEACTBHE OGJHTEpallHi
MOTYT TOCTENeHHO 3apalliuBaTbCs MNOJSPHBIMH MOJEKYyJaMy [ga)Ke
DU TLATENbHO OT(UABTPOBAHHON XKHUAKOCTH, [Ipu cMeleHun mopui-
Hsl o6/MTepalus BO BCeX CAy4Yasx yCTpaHseTCs, T. €. UCUe3aeT Helo-
IBHKHBIA CJ0OH TMoJsipHbIX MoJjiekya. O6auTepaiusi OTPUUATEJBHO
BJHUSIET Ha PaboTy 30JIOTHHKOBBIX MEXaHH3MOB U APYTHX 3JE€MEHTOB
ruapoannaparypol. [Ipenorspailienre BpeJHOrO BJAHSHHA 06JuTepa-
UM OCYILeCTBJsieTcss JOByMsi cmocobamu: 1) mnoxbopom paGouux
KHAKOCTeH M MaTepHaJsIOB CONpsAraeMbIX AeTaJjel, He 06pas3yolmux
(GHKCHPOBAHHOTO CJIOSI MOJISPHBIX MOJIEKYJ; 2) COOOLIeHHEM 30J10T-
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HHUKY MOBOPOTHBIX MJIH OCEeBHIX BUOpalHH ¢ GOJNbLIONH YaCTOTOH U Ma-
JIOH aMIUJIUTYIOH.

[pu paGore ruiponpuBOaa TeMIlepaTypa MacJja HeOJHHAaKOBa BO
BCeX TOYKax moToka. [Ipu JABUKEHUH HarpeToH KHUAKOCTH MO TPy6O-
IIPOBOJY CJIOM KHAKOCTH Y CTeHOK TPyO6ONpOBOJa BCJAEACTBHE OXJIaAXK-
IeHHS HMeloT GOJbIIYIO BA3KOCTb, YeM B CJIO€, ABHIKYIIEMCS B L[EHT-
pe Tpy6onposozna. ITosToMy KospGHUHEHT NOTepb Hanopa A Opu Ja-
muHapHoM TeueHHu (§ 35) kujaKocTH no TpybonposojgaM THAPO-

7
NPHBOJOB HECKOJIbKO GOJibllle W paBeH A = o AJs Huces Re < 2300.

B mnepexopmHoil 30He Mpu THApPaBJHYeCKH TIJIaJKHX TPybonpoBoaax
KC3QhuUUEHT A MOxeT GbITh onpelenen no ¢opmyae baasuyca
0,3164
A= -

VRe
B aBTOMOzenbHO! 30He TPYOONPOBOAOB C OTHOCHTE/JbHOH LIepo-
r
XOBAaTOCTBIO Koaddumnnent A onpenensercs no ¢opmyae [Ipauar-

as—Huxkypanse:

nas udcea Re << 46 —3 .

1 r r
Vi = 2lg + + 1,74 npas uucen Re > 1120 T
rie 7 — BHYTPeHHHH pajguyc TpyGonpoBoza;

A — 3KBHBaJIeHTHasl I1€POXOBATOCTh TPY6ONpOBOLA.

Tak Xe Kak u noTepu Hanopa no AJHHE, MeCcTHble NMOTEPH 3aBH-
CAT OT peXHMa TeueHHs Kuakoctu. Ilpu JamuHapHOM TeueHHU
KO3 $HUUHEeHT MeCTHOH NOTepH 3Hepruu

A
CM = ﬁ ’
rae A — NOCTOSIHHBEIN KO3 hHUHEHT, 3aBHCALHA OT BHIA MeECTHOTrO-
COTIPOTHBJIEHHUS.

OnbITH NOKAa3bIBAIOT, UTO KOG (UIUEHT {y 3aBHCHT OT uHcaa Re
JIHUIb OpU MaJblXx ero sHaueHusx: Re < 100. ITpu uucie Re > 1000
K03()QHUUHEHTH! {y MECTHBIX CONPOTUBJIEHHH NPAKTHUYECKH NEPECTAT
3aBHCeTb OT uucaa PeliHonbzaca, T. e. HacTymaeT aBTOMOJeJbHas
o6Js1acTb.

ITpu pacuere ncreueHu KUIKOCTH Uepe3 MaJjble OTBEPCTHS U 3a-
30pHI N0JbL3YIOTCA 061el popMyJion

Q = p.,Q l/ 2%, (562)

LAC Py —KOS(I)(I)HHI/ICHT pacxoia JAaHHOro OTBEpPCTHA HJH 3a30pa;
@ — nJomansb NpOXOIHOro Ce4YeHHss OTBEPCTHA MJIH 3asopa.

Koadduuuent conpoTuBiaeHHs (3 U KO3(DHUIHEHT pacxoma Uy
3os10THHKOB npH Re < 1000 3aBHCAT OT CKOPOCTH TE€UEHHS KUAKOCTH.
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TIpn Re < 100 nBu:KeHHe B 30JIOTHHKaX JJAMHHApHOE U NMOTEPH HAIO-
pa npsMo NPONOPLIHOHAJbHBEI CKOPOCTH KUJKOCTH. B KBajgpartuyHoil
obmacTu {3 IepecTaeT 3aBHCeTb OT Re, H MOTepH Hamopa IPOIOPLUO-
HaJbHBl KBaJpaTy CpeflHeHd CKOPOCTH XHIAKOCTH.

§ 105. THAPONMPUBOADbI BO3BPATHO-ITOCTYNATEJIBHOI'O ABH)XEHUM

l'unponpuBoAbl BO3BPATHO-NOCTYNATEABHOTO [BUXKEHHSI HMEIOT
npocreflinf TUAPOABUrATeNb B BHAE CHJIOBOro unuiauHipa. Cunosouit
uaJauEAp (puc. 241) npeiacraBaser co0of y3es, COCTOAIIMEA M3 IIH-
auuapa I, mopuwus 2 ¢ ynJoTHeHHEM & u IITOKa 4, NIPH IOMOLLH
KOTODOIO 3Heprusl AaBJjleHus KUJAKOCTH Nmpeobpasyercsd B MexaHuuye-
CKYI0O 3HEpPrHi nepeMelleHus WToKa, KOHCTPYKUHH CHJIOBBIX MH-
JUHADOB BeCbMa pasHooOpasHbl, HO BCe OHH MOTYT GBbIThb pasje/eHbl
Ha UUJMHJPHl ABYXCTODOHHETO U OLHOCTOPOHHEro JeHCTBHUA.

2 3 4

2 2

-——T._}—— — — — —) _—
. I - J ——
7

CEB
o |

Puc. 241

Ha puc. 242 nokas3aHbl CXeMBbl CHJIOBBIX LHMJIHHAPOB JBYXCTO-
POHHEro AeHfCTBHA C [BYXCTOPOHHUM IITOKOM M Pa3IHYHBIMH CIIOCO-
Gamu nozxBoma Kuakoctd. CKOpOcTh v NepeMelleHHs MOPIUHA UJIH
LUJTUHAPA 3aBUCHT OT KOJHYECTBA KMJAKOCTH, MNOAaBaeMOH B LH-
JUHJP B €[UHULY BPeMeHH:

4Q
Uy = 1':_(_52_—-415)— y (563)
rie Q — o6beM KHMAKOCTH, MNOCTyNamoliedl B HUJIHHAD B €IUHHIY
BpeMeHH;
D — BHyTpeHHHH [MaMeTp LHJMHIPA;
d — nuamerp LITOKA.
[1pu mojaye OAMHAKOBOrO KOJHYECTBA XKHIKOCTH IMONEPEMEHHO

B IIPaBYIO H JIEBYIO NOJOCTH LU/MHAPA MOplIeHb Oy4eT nepeMellaTbes
OTHOCHTEJIbHO LMJIHHAPOB B OGOMUX HaNpaBJeHHAX C OAMHAKOBOH
ckopocTbio. OCHOBHBIM HENOCTATKOM CHJ/IOBBIX LHJIHHAPOB C ABYX-
CTOPOHHHMM LHTOKOM fIBJISIIOTCA yBe/NHYEHHbIe rabapHThl B CBS3H C BbI-
XO0JiOM IUTOKa Mo 06e CTOPOHbI IHJIHHAPA.
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C nenbio ymeHblIeHUs] ra0apUTOB CHJOBOTO IIHJIMHADA MpUMe-
HAIOTCS UHJIMHAPBL C OJHOCTOPOHHUM IUTOKOM, B KOTOPBIX MAJIS
NOJYYeHUSI OJMHAKOBBIX CKOPOCTEH NepeMelleHusi MOPIIHS B 0OOHX
HanpaBJeHUsIX IIOLIAJNb CeyeHHs WITOKAa NPUHMMAeTcs B JBa pasa
MeHbllle mJjolianu mopiHsa. Takol CHIOBOH HMJIHHIAD MOAKJIHOUYAETCS
K Hacocy mo cxeMme, MOKa3aH-
HOH Ha puc. 243. Ilpu nBUXKe-
HHM NOpIIHS BIpaBo o6e mo-
JIOCTH LIMJIHHJIPA COEIHHSIIOTCS
Apyr ¢ apyrom auddepeHuu-
anpHBIM crnocobom. IlopiieHs

om wacoca

Puc. 242 Puc. 243

TiepeMelaeTcss CO CKOPOCTbIO Up, BHITECHSIT M3 INTOKOBO¥ IOJIOCTH
pacxoga Qi:

Q: =7 (D*—d? v, (564)

BoiTecHeHHas! 3KHIKOCTb NOCTYNAeT B IOJOCTh LH/IMHApPA BMeCTe

¢ JKHIKOCTbIO, HarHETaeMOil HacoCOM, pacxoj KOTOpoH paseH Q.
Takum obpasom, \
nD

Q+Q:= = Vo (665)

HJIH, IOACTABJISIA 3HAaYEHHE Ql, MOJYUHM

Q+ F (D' — a0, = Fo,,
OTKYZa )
vy = o (566)

Jlaia nepeMellleHUst NOPINHS BJIEBO HEOOXOAUMO COENMHUTHL MOPLI-
HEBYIO MOJIOCTh ¢ 6AaKOM, a LITOKOBYIO — C HacocoM. B atom ciyuae
CKOpOCTL NepeMellleHHsl NOpPILIHsI Bhlpakaercs (GopMyJIoH

4
Yo = 7D - & (567)
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nD? 9 nd?

HO NpH —— = 2= CKOPOCTb v, PaBHa
4
Vg = k. (568)

TakuM o6pasoM, BeipaxeHus (566) u (568) ToxIecTBeHHHI,
a CKOPOCTH JBHKEHHS NODLIHA B ONHY H APYTYIO CTOPOHY OAMHAKO-
Bol. Jluddepenunanpubit cnoco6 MOAKIIOUEHHS UHJIHHApPA IpHUMe-
HseTcs M B TeX CjayudasX, Korja Ttpebyercs o6ecneuuTb BBICOKYIO
CKOPOCTb 06paTHOTO XOfa NpPH 3HAUUTENbHBIX YCHJHAX.

Puc. 244 Puc. 245

Tounass o6paGoTka BHYTPEHHEro JAuaMeTpa LMJHHApPA IO BCeld
JUIMHe TEXHOJIOTHYECKH CJ0XHas M Tpynoemkas. [lostomy Becbma
YacTo CHJIOBblE LMJIHHADHI NBYXCTOPOHHEro MAeHCTBHS 3aMeHAIoT
6oJjiee TEXHOJOTHYHBIMM HMJIHHApPaMH OJHOCTOPOHHEro MAeHCTBUA
(puc. 244), y KOTOPBIX YCHJ/IHe NepeaeTcst HeMOCPeACTBEHHO ITOKOM,
CONPHKACAIOLWHUMCS C LHJIMHAPOM TOJBKO B MecTe ymioTHeHus. [Ipu
TaKOH KOHCTPYKLHM CHJOBOrO NLMJUHJApPA €ro BHYTPEHHHH AuaMerp
NoABepraloT JHulb rpy6oil o6paboTke uau soBce He o6pabaThiBalOT.
OpHako AJ151 HOJyYeHHs BO3BPATHO-IIOCTYNATENbHOIO IBHKEHHUS C 3a-
JaHHBEIMH CKOPOCTSIMH B THAPOIPHBOJAE C LMJIHHAPAMU OJHOCTOPOH-
Hero 1efcTBHA HEOOXOJHMO HMETh ABA LUJIHHIPA.

Ha puc. 245 noxkasaHa npuHuuMIMaJbHasi cxeMa NpocTeflIero
rUApPONpPHBOJAA BO3BPATHO-NOCTYNATENbHOrO MABHXKEHHS, HMeEIOLEro
POTOPHO-TIJIACTHHYATHIN Hacoc / W THAPOUMJIHHAD 2 ABYXCTOPOHHEro
JeHCTBHSI C ONHOCTOPOHHHM IITOKOM. Kpome Hacoca H THIDOLH-
JIUHApPA B CX€MY THAPONPHBOLA BXOAAT paclpeineIuTenap 3, Apoc-
cesib 4, npeioXpaHuTe/bHBIH Kianan 5. BeacbiBaemoe u3 6aka mac/o
nojaercsi HAacocoM NOJ [AaBJjeHUeM B IMOpPIIHEBYIO IOJOCTb THAPO-
nuIuHApa, coobuwas ABHKeHue nopuHo. OJHOBpPeMEHHO U3 ILTOKO-
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BOM MOJOCTH THAPOLMJIMHAPA Macjo oTBoxutca B Gak. Ilocse mepe-
KJIOYeHHsl pacrnpelenuTe]s B nosoxeHue 11 usmensercs HampaBie-
HHe JIBUXKEHHST XKHJKOCTH, 6jaronapsi yeMy INOpIIeHb MepeMeniaercs
B o6paTHyio CTOpoHYy. /s mnperoxpaHeHHs THAPONPHBOAA OT ypes-
MepHOTO IOBBIIIEHHST JaBJ€HHS] B CXeMe NpeJyCMOTPeH NpefoXpaHu-
TeJIbHBIH KJiamaH, KOTOPbIl aBTOMaTHYecKH cpaGarbiBaeT MpH 3HAYH-
TeJbHOM YBeJHYeHHH BHEIIHeH HarpysKH Ha LITOK THAPOLMJIHHAPA.
[Ipu 31O0M MacJo oTBOAUTCA B GaK, MHHYS THIPOLHJHHADP, & B CHCTE-
Me yCcTaHaBJIHBAETCS MaKCHMAaJbHO JONYCTHMOE IaBJeHHE, COOTBET-
CTBYIOlLee HACTPOHKE MPYKHUHBEI NMPefloXpaHUTEIBHOTO KiaanaHa.

CKOpOCTb Uy TMepeMeLeHHsT TOPIUIHS 3aBHCHT OT pacxoja mac/na,
IOCTYMAIOLIEro OT Hacoca B THAPOLHIUHID:

Q
Uy =5

rie Q — pacxol THIpPOHUJIMHIDA;
Q — adekTHBHAA IJIOWALL THAPOLUIMHADA.

IMnomans MOPIIHSI — NOCTOSTHHAS,, NO3TOMY CKODOCTb IOPIIHS
MOJKHO H3MEHSITb TOJbKO 33 CUET W3MEHeHHs (peryJMpoBaHHusi) pac-
xona Q. MisMeHeHHe pacxojfa Macja yepe3 TMAPOLUIHHIAP, a CJAeL0-
BaTeJbHO, ¥ OecCTyleHYaToe peryJHpoBaHHEe CKOPOCTH MOPIIHS
OCYILECTBJSIOTCS ABYMS CocO6aMHu:

1) uameHeHHeM Nofauu Hacoca (06BEMHOE DeryJiupoBaHHE);

2) n3MeHeHHeM pacxoja HIPOLMJIMHADPA MyTeM YCTAaHOBKH APOC-
ceJisl ¥ TIepernycka MacJja yepes IepesuBHOH KJanaH NpH HeH3MEeHHOH
nojaue Hacoca (ZpoccebHOe PerylHpoBaHue).

BriGop cnocoba perysupoBaHHS ONpefesseTcss MHOTMMH (hakTo-
pamy, a UMEHHO: MOIIHOCTbIO, 1aBJeHHEM, XapaKTepoM H3MeHeHHs
HoJie3HOl Harpysku U Ap. I1pu o6beMHOM pery/iupoBaHHH U MOCTOSIH-
HOHM Harpyske Ha IITOKe MOIIHOCTb Hacoca W CKOPOCTh NOPIUHS
NPONMOPIHOHAIBHE MOJaye Hacoca. IJTOT CHoco6 peryJnupoBaHHs
HIHPOKO NPUMEHSIETCS] B TeX CJydasx, Korjaa Tpebyercss GOMbIIOe YCH-
Jl¥e Ha LITOKe ¥ TIPH NMyCKe NOoJ Harpysko.

Ha puc. 246 nokasaHa cxema THAPONPHUBOAA IOCTYNaTEJbHOI'O
IBUKEHHSI ¢ 06beMHBIM peryaupoBaHueM. IIpu momomu peryaupye-
Moro Hacoca / macJio mojaercs HOJ AABJeHHEM B MOPUIHEBYIO I10-
JIOCTh THApPOUMJHHApPA 4 W mepemelllaeT mopuieHb § BnpasBo. I3
IITOKOBOH MOJIOCTH LMJIHHIPA MAacJjo yepe3 paclpenesauTesib & U NO1-
TIOPHBIN KJamaH 7 BeIKMMaeTcsi B 6ak. beccryneHuaroe perymanpoBa-
HHE CKOPOCTH TOPIIHSI OCYLIECTBJSIETCS 3a CUET H3MEHEHHS MOAauH
Hacoca. [Ipu MaJblx CKOPOCTSIX NBHXKEHHS IOPIUHS, T. €. B TOM CJIY-
yae, KOTJla HAcoC OTPEryJHpPOBaH Ha MaJjaylio Mojauy, BeJHUYHHA yTe-
YeK MacJjia COM3MePHMa C PacXOXOM XKHAKOCTH uepe3 'HAPOIUINHIP.
DTO NPUBOAMT K CYIIECTBEHHBIM KOJIEOAHHSIM CKOPOCTH TPH H3MeHe-
HHHM HArPy3KH H OTPaHUYHBAeT BO3MOXKHOCTH 06'beMHOTO PEeryJIHpPOBa-
HHSI TIPH MaJblX CKOPOCTAX ABHKeHHs mopiuHs. OJHaKo ruaponpH-
BOJibl ¢ OObeMHBIM peryJHpPOBaHHEM HMEIOT HPEHMYILECTBO, 3aKJ/II0-
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yaoleecss B TOM, YTO HacoC NepeMeHHOH MOJaul NaeT BO3MOMKHOCTh
OCYILLECTBJ/ISATb HellpepblBHOe U3MeHeHHe CKOpPOCTH pabouero opraHa
6e3 norepb SHEPTHH, CBSI3aHHLIX C NepenycKoM H30BITKa Macja Iofa
JaBJleHUeM Ha CJIUB.

Ilpn npoccenbHOM peryJiMpoBaHHH MOIIHOCTb, NoTpe6isiemas Ha-
COCOM, OCTaercsi NIOCTOSTHHOH, a CKOpPOCTb NOPUIHSI THIPOIHMJIHHIPA
HU3MEHSIETCS B 3aBHCUMOCTH OT BEJHUMHBEI COTNPOTHBJIEHHS JPOCCEJS.
YacTb Macia NMOJ AaBJeHHEM «CTpPaB-
JUBaeTCSI» M IepenycKaercst uepes
MpeaoXpaHUTeNbHbI (nepenuBHO})
KJanaH B 0axk, He BBbINOJIHUB HHUKaKOH
nosiesHol pa6otbl, CJieq0oBaTeNbHO,
Jlpocce/IbHOE peryJupoBaHHe OCHOBA-
HO Ha HM3MEHEHUHM BeJHUYUHB MOTepb,
T. €. Ha U3MeHEeHHHU K. 1. J. UAPONpU-
Boja. B cBfi3du ¢ 3THUM [pocCCenbHOE
peryJjupoBaHue NpPUMeHsIeTCS NPH Ma-
JbIX MOLIHOCTAX. B orminune oT rujg-
pPONPHBOIOB ¢ 06bEeMHBIM PEryJHpOBa-
HUeM, NpPH APOCCETbHOM peryaupoBa-
HHM TOJaya Hacoca Bcerjga G6oJiblie,
yeM pacXof XHAKOCTH uepe3 LUJIHUHIP.
H36biToK Macia nepenyckaercsi B 6aK
TIOMHMO THAPOLUJIUHIpA.

KosnuecTBo nocrymnatoumiero B mu-
JHHIAP Macja Ju60 OTBOJ €ro W3 LHJHHApA PeryJupYIOTCs Ipocce-
JieM, KOTOPBIH MOAKJIOYAIOT Ha BBHIXOJE M3 THAPOUHIUHApA, HA BXO-
lle HJAY NapaJjiielbHO eMy.

Ha puc. 245 nokasana cxeMa TIHADONPHBOJAA MOCTYNATeJbHOIo
IBMJKEHHA C APOCCEJbHBIM peryJjupoBaHueM Ha Bhixoge. Ha Brixone
U3 THAPOUUJHHAPA 2 YyCTAaHOBJEH Apocce/b 4, MpH NOMOIUH KOTOPOro
peryJiipyercsi KOoJIHYecTBO nojaBaeMoro macja. YUem Goubllie mpo-
XOJHOe ceyeHHe Japoccedsi, TeM Gosblie NPH TOM Ke AaBJeHHH Oyaer
NpoTeKaTb Macjaa B FMApPOuMIuHAp. M36bITOK Macia, HarHeTaeMoro
HacocoM I, GymeTr BeITeKaTh Uepe3 NepeJHBHOH Kjamnal 5.

M3 Bcex cxeM IpOCCENbHOTO PeryMpOBaHHS OTHAIOT NMpeAnoyTe-
HHMEe PacCMOTPEHHOH cXeMe, TaK KakK TOJbKO B 3TOM CJydae NOPUIEHDL
HarpyxeH ¢ 06eHX CTOPOH M €ro JIBHXXeHHe OoTjJHYaercsi O6oJ/bIIOH
IJ1aBHOCTBIO.

Jns crabuausanyy CKOPOCTH TOPLIHS TIPHMEHSIOTCS CHEIHaJb-
Able PeryJasiTopbl, TPH MOMOLIH KOTOPBIX MOXXHO YCTAHOBHTb H aBTO-
MaTHYeCKH TMOAAep:KHUBAaTb NOCTOSSHHYI0O CKOPOCTb MOPLIHST (pPacxojn
Macjia) He3aBHCHMO OT XapakTepa M3MeHEeHMS Harpy3KH Ha LITOKe.
PeryJsTop CKOpPOCTH IpeAcTaBisfeT co60i cOBMelleHHble B OJHOM
KOpTyce DeryJHpyeMbll apocceb H NpelOXPaHMTENbHBIH Kiaana
¢ cepBojeficTBHEM. YCTaHaBJMBAaeTCs OH Ha OTBETBJEHHH WJIH Ha

BBHIXOJI€ M3 THAPOUMIUHIPA.
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§ 106. THAPONPHBOADBI BPALIATEJILHOTO NBUXEHUA

B ruaponpuBomax BpallaTeJbHOrO ABHXKEHHS TaKXe IpPHMe-
HseTcst o0beMHOe H jpoccesbHOe PeryJIHpOBaHHe CKOPOCTH Bpalie-
HHS pOTOpa THApOABHratess. B KauecTBe I'MIpOABHUraTessi UCNOJb-
3YIOTCS paiHajbHO-NOPIIHEBLIE, AaKCHAJLHO-NOPIIHEBbIE, DPOTOPHO-
NJIacTHHYAThle, LIeCTePeHOYHble W BHHTOBble ruipomauniuubl. Hacoc
M THIpOABUraTesd (OAMH MM HECKOAbKO) B THAPONPHUBOAE MOTYT
GbiTh COelMHEeHbl MO OTKPBHITOH M 3aKPHITON LUPKYJIAIHOHHON cXeMe
IIpu otkphiTO# cxeme orpabo-

TaBlas XHWAKOCTb NOmajgaer M3 4
ruapojaBurartenss B 6ak, OTKyda L 5
BHOBb BCAaChIBA€TCS HAcOCOM H
NojaeTcs B HANOPHYIO JIHHHIO
K THAPOJBUraTenio (CHAPOMOTO- -
py). Ilpu saxkpsitoii cxeme or-
paboTaHHas XUAKOCTb H3 THI- 3
poiaBurarensi HocTylnaer BO Bca-
CHIBAIOILYI0  IOJOCTb  Hacoca,
MuHys 6ak. IlpeuMyiectBenHoe
pacnpocTpaHeHHe MOJy4YHJa 3a-
KphITasi CXxeMa, Tak Kak OHa Mo-
JKeT ObITb PEBEPCHBHON W JIOMYy-
ckaer paboTy NmpH BHICOKOM YHC-
Je o6opotoB Ojaromapsi BO3-
MOXKHOCTH CO3[aHHS B CHCTEME
BHEIIHEro [aBjieHHS CleLHaJbHbIM BCIHOMOTaTeJbHHIM HAcoOCOM
He6O0bIIOH MOLIHOCTH.

HsmeHeHHe CKOpPOCTH BpallleHHs pOTOpa THADPOJBUraTenss INpH
06'beMHOM PeryJMpOBaHUU MOXKeT ObITb OCYLIECTBJEHO 3a CYET HACO-
ca u 3a cuer ruapoasuratensi. CxemMa TUAPONPHBOAA C OGbEMHBIM
peryJupoBaHueM TpejcTaBJeHa Ha puc. 247. Macsno ot peryaupye-
Moro Hacoca 8 mojaercsi K THADOABHratesio 5 ¥ jpajee IO JIHHHH
HU3KOro JaBJieHHsi (HMXHUH TPyOONpPOBOA) HOABOAMUTCH K BCaCH-
BalolieMy maTpy6Ky Hacoca. HJsi KOMIEHCAllHH yTeueK H CO3JaHHs
BHELIHEro JaBJieHHss B CXeMe [pelyCMOTPeHB NOAKayuBaioLIHH
Hacoc ! v nBa o6paTHbIX KaanaHa 2 u 4.

OnpenenuM pacueTHble TNapaMeTpbl THAPONPHBOAA BpaLlaTelNb-
HOTO [BHXKEHHS CHauaJsa 6e3 yyera nmoTeph:

a) NpHU OTCYTCTBHH YTeueK >KUIKOCTH

Qir = Qor, (569)
rae Qi — TeopeTHyeckas mojava Hacoca;
Q2r — TeOpeTHUeCKHH pacxof T'HApPOABHraTess;
6) npH OTCYTCTBHM THJAPaBJIHYECKHX NOTEPD
p1 = pa, (570)
rae p; — nepenaf, co3jaBaeMblii HaCOCOM;
p2 — nepenaj, cpabaThiBaeMblii I'HIPOJABHraTeNEM.

Puc. 247
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[Ipu 3THX NpeAno/IOKeHHAX, NMOJb3ysch OOuleH GopMymol s
06beMHBIX ruapoMaminH (486), MOMKHO ONpeNeNHTb TEOPETHUECKOe
nepefaTOYHOE OTHOLIEHHEe THAPONPHBOMA BPAIaTeJbHOIO ABHKCHHS

. n
ip = r-l—: u3 cooTHowenus: (569) B Bume
jp =12 ir 571
T T T (871)
Q
Tae qir =n—lT — yIeJibHasi TeopeTHYecKas INofaya Hacoca 3a OIHH
1
o6opor ero Baja (paGouHii oGbeM Kamep Hacoca);
Q . .
Gor =%—-—y,lleJ1beIH TEOPETHUECKHH pacXoj THApOIABHrartess
2
3a onuH obopor ero Bana (paGoumii o6beM Kamep

THApOJABHraress).
Hanee, BBIpaxas jaBjaeHHe H3 dopmynasl (491) ormenbHO IuIst
2= M 2eM,y,

, Ha OCHOBe pa-

‘Hacoca p; = H THIApDOIBUrartelid ps =
2T

T
BeHcTBa (570) mnosyunM TeopeTHYecKoe 3HaueHHe KO3pdHUIHeHTA
TpaHchopManuu K; KpyTsIero MomeHTa

M
Kp= =2 (572)

B meHcTBUTEIBHOCTH BeJHUYHHE! i ¥ K JOJKHE OBITh ONpe/eseHsl
C yyereM yTeYeK H MeXaHHUYECKHUX IOTePb.
BesnuwHa mepelaTOYHOrO OTHOIIEHHS [ C y4eTOM OOBeMHBIX

noreps (yTeuek) paBHA

i =2, (573)
2r

roe Mo = To1Mo2 — OOIMIMA OOBEMHBIH K. M. 1. TMAPONPHBOAA, PaBHLIA
npousBefileHHI0 00beMHOro K. M. [. Hacoca Ha
OOBeMHBIH K. T. JA. THAPOABUraTesis.

Beauunna xoaddumuenta TpaHchpopmanuu K ¢ yueToM MexaHu-
YeCKUX N0Tepb paBHA
q
= (574)

- q” Nus
rie Mu = Mimfeow — OOLIMH MeXaHHYECKHH K. M. . THADPONPHUBOAA,
paBHBIA MPOU3BENEHHI0 MEXaHHYeCKoro K.IL J. Hacoca Ha MeXaHH-
YeCKMH K. 1. I. TUJPOJBUTATEN .

Ha puc. 248 npuBefiena cxemMa THAPONPHBOAA BPaIATENbHOrO
JIBUIKEHHSl C JPOCCe]bHBIM peryaupoBannem. I1pu momomu Hacoca /
MacJIo MOJaeTCsl uepes Apoccenb & U paclpesienuresb 4 K THAPOLBHU-
raTeJqi0 5 W uYaCTHYHO yepe3 MepeHBHOH kjanmaH 2 cOGpachiBaercs



B 6ak. KonuuecTBo Mac/ia, MOABOAMMOrO K THAPOABHIATENIO, PEry-
JIIpyeTCsl H3MeHeHHeM TIJIOMaA¥ NPOXOJHOINO CeYeHHs APOCCe/isl.
JlaBnenue, pasBHBaeMoe HAacoOCOM, ONpeJeNsieTcss HACTPOMKOH mepe-
JIUBHOrO KJalaHa W NMPaKTHYeCKH He 3a-
BHCHT OT Harpysku Ha BaJy poTopa THA-

pOABHUTraTess. N

% \
§ 107. CAEASAIIUA THAPONPHUBOL

N J
OCHOBHBIM  3JIEMEHTOM  CJIeJsIIEro S

THAPONPHBOJA /M THADOYCHIHTeNS SIB- 4 _ |
JsieTCsl CJefsllee YCTPOHCTBO 30JIOTHH- S~
KOBOTrO HJM CTpyHHOro THma. B obuiem
MaLIMHOCTPOEHHH NpeuMylLIeCTBEHHOE 3
pacrnpocTpaHeHHe TOJNYYHUJIH CJIefsiiiHe — -
TUJPONIPUBOJBL C YMPABJSIOIUM 30.10T- R
HHKOM OJarofapsi KOHCTPYKTHBHOH NpoO-
cTOTE, BecbMa MaJibIM rabapUTaM W
6oabmiofi  yyBCTBHUTENBHOCTH. Paccmo-
TPUM YCTPOHCTBO H paboOTy cCjeRsliero
TUJPOMPHUBOJA HA NpHUMepe IpOoCTelIero
OJIHOKOOPAMHATHOTO THJPOIPHBOJAA KO-
NHPOBAJBHOrO CTaHKa (puc. 249).

Hacoc I nopmaer wMacjgo uyepe3 Puc. 248

¢uibTp 2 mo TpyGompoBoxy 3 K cpei-
HeMy OKHy Kopmyca komupa 4. Komup mpencrasisier co0oii ynpas-
Jsiollee 30J0THHKOBOe ycTpoiicTBo (§ 100), oauH KOHell 30JI0THHKA 5
cHalxeH IIynmoM (KOMHMPOBAJbHBHIM poOJHKOM) 15, npyroit mo-
CTOSIHHO HaXOMUTCS NOJ AeHCTBHEM INPYXKHUHBI 16, yaepKHBaLILef
30JI0THMK B KpaiiHeM ToJoxeHHH. [Ipu 3TOM MOJIOKEHHH 30JI0THHKA
npoxoznHoe ceueHue menau 6 K 83, a ceuenue 6; > 64. B pesyabrare
3TOrO B moJiocTH A yCTaHaBJIWBAaercsl NaBjieHHe MeHblliee, yeM B MO-
Jgoctd b, Tak Kak Npu NMPOXOXKJEHHH uepe3 Llenb 8y HOTOK JApocce-
gupyercst GoJiblie, a NPH IPOXOXKAEHUH 4epe3 Lienb §; Gosee CBO-
6GOoNHO BHIXOOUT B MpPHEMHBIH pe3epByap Hacoca. B To xe Bpems
NOTOKH K3 CPeJHEro OKHa yepe3 Ilesb §; NPOXOAAT B MOJOCTh 5
GoJiee cBOGONHO M GOJbIIE IPOCCENHPYIOTCS B llleqd Os Ha BBIXOAE
B npueMHblil pesepByap. OueBHIHO, YTO BeJHyuHa mlesedl &, Og, O3
u 8, M3MeHsieTCs TPH NepeMelleHuH IJIYHXKepa 30J0THHKA.

Takum o6pasoM, B yKa3aHHOM Ha puc. 249 kpailHeM HHXHeM
TNI0JIOXKEHWH IIyHKepa, B nosoctd A, Tpy6onposoae 7 u moJoctd
CHJIOBOTO THIDOUHJIHHIPA, 3aKPEIVIEHHOro Ha CTaHHHe CTaHka 9,
YCTaHOBUTCSI HH3KOe [aBjeHue, a B TpyGompoBoje 6 B mojoctsx b
u B — Bpicokoe. IIpu 5TOM mopuieHb ¥ IITOK CHJIOBOrO THADOIIH-
auHnpa /0 BMecTe ¢ BepTHKaJbHBIMH cajaskamu /I, xonupom 4
H peXYyIIHM HHCTPYMeHTOM OyJer mepeMmellaThbcsi BHH3 10 YHopa
myna /5 B mabsaon /7. B MoMeHT ymopa IIyn OCTaHaBIHBAETCH,
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M KOpNyC KONMPOBAJbHOrO ycTpodcTBa 4 mnoj HefCTBHEM pPa3KOCTH
LaBJieHHH B CHJIOBOM WMWJHHApe /0 HeKOTOpOe BpeMs OMycKaercs.
B pesyabrarte ynopa B ma6JoH LIyN NepeMellaeT MIYHKep 5 OTHO-
cHTeNbHO Kopnyca BBepX. IIpu 3ToM mnpoxoaHble ceueHus §; u O3
GyLyT TOCTENEHHO yMeHblIaThcs, a 82 H 6, — yBesmunBathes. [Tocae
3TOrO HACTYNMHT MOMEHT, KOTJa NPOXOJHBIE CEYEHHSI CPaBHSIOTCS
HaCTOJIbKO, YTO pasHOCTh JAaBJeHu# B Kamepax B u I' okaxercs
— HeIOCTAaTOYHOI W BepTH-

3 KaJlbHasi Tnojgaga mpe-
N KpaTHTes.

- Ecnu crony craHka
~

COOOILHTL TeNneph 3aja-
IOIYI0 CKOPOCTh MOfa-
yy v = const, TO mpn
NOBHIIIAIOIIEMCH  TIPO-
¢use mwabsoHa IWyn u
nIyHXep OyAyT nepeme-
LIaTbCsl BBepX, IMPOXOAS
yepes HeHTpaJgbHOE IIO-
JloKeHHe OO0 Tex Iop,
NOKa TIPOXOJHBIE Cede-
HUA wenedl §; u Oy He
yBeJuyaTcs, a wesen
01 u 8; He ymeHbwaTCs
Puc. 249 HaCTO/bKO, YTC pasHi-
a JasJeHuil B II0JO-
ctax B w I rumponu-
JIHHJpa CTaHeT JOCTATOUHOH AJ1s1 IPEOJO/IeHUs] yCHIns nogaun. Ilpu
5TOM BepTHKaJbHBIE cajsasku /] HauHyT nepeMemiaTbCsi BBEpX, T. €.
aBTOMaTHYECKH M3MEHHUTCS HalpaBJeHHe BEPTHKaJbHON MOJauH.

[TepemelieHrie BepTHKAIbHBIX CaJa30K C PEXYIIHM HHCTPYMEHTOM,
coBeplUIaeMoe MO CHTHaJy YIPaBJISIOUIEro 30J0THHKA, HEMENJIEeHHO
nepenaetrcss KOMUPOBAaJbHOMY YCTPOHCTBY IOCPeACTBOM OGpaTHOM
CBSI3H, OCYIIECTB/IsSIEMOH B JJaHHOM cJ/iyuae 3aKpemjeHueM Kopmyca 4
HEMoCpeACTBEHHO Ha BEPTHKAJbHBIX cajaskax. JTo obpaTHoe nei-
CTBHE HampaBJeHO Ha ocJjabJieHue YIpaBJsIOIIero CHrHa/jla 30J0T-
HUKa, TpHYEeM CHUTHaja ocjaabjsercs OO HyJs, KOraa IVIYHXKep BO3-
BpallaeTcsi B HEUTPaJJIbHOE TOJO0XKEHHeE.

ITpu nonHuxenuu npocuas mabsaoHa WIYN W NJAYHKEDP NOK AeH-
CTBHEM MNPYXWHB /6 OYAyT mepeMellaTbCsl BHH3 OT HeHTpa/IbHOTO
TOJIOKEHHS1 10 TeX TOp, IOKa Npoxoadble cedeHust §; U 83 He yBeJu-
yaTcd, a wejeld 8; u 6, He yMeHBIIATCHA. HACTOJbKO, YTO Pa3HHIiA
JaBJeHMH B mojiocTssX B u I’ cTaHeT HOCTaTOYHOH AJsI IPeonoJ/eHust
conpoTHBJeHHsa mnopaud. IIpu aTOM BepTHKaJbHBIE Ca/a3KH Ha4yHYT
nepemellathcst BHU3.

Taxum oGpas3oM, COBOKYNHOCTb IIPOAOJBLHOH 3ajawolled Inona-
YH U ¥ BePTHKaJbHOM chelsilell MORauy LIyNa W PeXYHIero HHCTPY-
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MmeHTa obecneunBaeT BOCHPOU3BOACTBO NMpoduas mwabjioHa Ha 3aro-
toBke. [lpu 3TOoM 1uyn, oGKaTbiBas KOHTYp WIa6G/oOHA, HaXOHTCH
C HUM B TIOCTOSIHHOM KOHTaKTe.

Yupas/ieHne CHJIOBBIM THAPOLUHAMHAPOM 10 MOXeT OCyIecTB-
JAATbC W Tpu momoiiu pykostku 2. Heob6xomumoe pnaB/ienue
B THAPONPHBOAE YCTAHABIHBAETCS PEryJHpPOBaHHEM INDYKHHBI Mepe-
JUBHOTO KJjanaHa /3 mo KOHTPOJbHOMY MaHOMeTpy /4.

[IpuBeneHHOe BbIlle KPAaTKOe OMMCAHHE NPOCTEHIUUX THIAPOMPH-
BOJOB SIBJIETCS JIMIUb HAYaJbHbIM 5TANIOM 3HAKOMCTBA C 3THM BHIOM
nepefay MeXaHWYEeCKOH JHEPrud. B NpakTHKy MalIMHOCTPOEHMsI
BXOMSAT BCE HOBBIE M BECbMa CJIOXKHBIE THIPONPHBOJBI, OJHAKO MPHH-
LIMNUAAbHOH OCHOBOH HX SIBJASIOTCS NpPOCTeHILMe OGbeMHble THAPO-
MaUIXHBl ¥ 3JIeMEHTHI THIPOaNnapaTyphl.

25*



dqriopmyxe akap. H. H. Masnosckoro npu n = 0,012

Tpunoscerue 1
3uauenns Beauuud C, ), @, K u 6* 1aa kpyrisix TpyG, MOACUMTAHHBLIX MO MOJHOMH

388

d, m C A a K, m3/cek b
0,050 44,79 0.0391 0,00323 0,00987 |10340,0
0,075 47,45 0,0349 0,00288 0,0287 1214,0
0,100 49,46 0,0321 0,00265 0,0614 265.0
0,125 51,07 0,0301 0,00249 0,111 81,60
0,150 52,42 0,0286 0,00236 0,179 31,18
0,200 54,62 0,0263 0,00217 0,384 6,78
0,250 56,40 0,0247 0,00204 0,692 2,11
0.300 57,90 0,0234 0,00193 1,121 0.794
0,350 59,18 0,0224 0,00185 1,684 0,354
0,400 60,31 0,0216 0,00178 2,397 0,174
0,450 61,35 0,0209 0,00172 4,259 0,0932
0.500 62,28 0,0202 0,00167 4,324 0,0532
0,600 63,91 0,0192 0,00159 6,999 0,0204
0,700 65,32 0,0184 0,00152 10,517 0,00904
0,800 66,58 0,0177 0,00146 14,965 0,00495
0,900 67,70 0,0171 0,00141 20,430 0,00239
1,000 68,72 0,0166 0,00137 26,485 0,00137
Ipunroncenue 11
3naueHuss nonpabBoyHOro Kodthdunuenta K
AN CTAJbHBIX M YYTFYHHBIX TpYG

mjcex K mjcex K

0,20 141 0,65 1,10

0,25 1,33 0,70 1,085

0,30 1,28 0,75 1,07

0,35 1,24 0.80 1,06

0,40 1.20 0,85 1,05

0,45 1,175 0,90 1,04

0,50 1,15 1,00 1,03

0,55 1.13 1,10 1,015

0,60 1,115 1,20 1,00
 h= _

ds L@



ITpunoscerue 111
3nauenns Koa(pHIHEHTOB MECTHHIX CONPOTUBJAEHMI*
1. BHesanHoe pacmiupeHue

Ta6auma 1

22 10'9]8[7’6'5 4'321
©y
s p 81164 49 36‘25'16 9 4 1'0
()
Has tpy6 nuamerpom ot 1,25 mo 15 cm mpu oTHOIEHHSX m—“’ =
1

= 2-+ 12 nonpaBouHBI KO3DQHLHEHT onpejessercs clepylomeil
dbopmyuoit:
k = 1,025 =+ 0,0025 % —0,0079d,,
1

rie d; — MeHbUIMH AuameTp TPYOGHL.
2. BuesanHoe cyXeHue

[Ipy BHe3samHOM Cy:KeHMH IIOTOKa HaOJIONAIOTCS MeEHbIIHe MOTepH
Hanopa, ueM npu pacwupeduu. Ilo pammeiM [HATH**, koaddunuent
CONPOTHBJICHASI OMNpPEZeNIAeTCs] TAKOH 3aBHCHMOCTBIO:

Ly o =05 (1_ 2)

®1
Tabauuma 2

% ‘ 0,00 0,10 ’ 0,20 I 0,40 ‘ 0,60 ‘ 0,80 1,00
1
& e ‘ 0,50 0,45 ' 0,40 ] 0,30 ' 0,20 l 0,10 l 0,00

3. Bxong B Tpyby

a) Huannapuueckas tpyGa orxomur noj yraom a (puc. IlIa).
Bxonuble KPOMKH OCTpBIE:
¢ =0,505-- 0,803 sina - 0,226 sin® a.

BX

6) Tpy6a orxoxur mnepneHauKysaspHo (puc. I[116). Ilpm octpbix
BXOJHBIX KpoMKax (zy = 0,50, mpu 3akpyryieHHBIX KPOMKax M IlJiaB-

* TlpuBoxumele B npuioxeHuu Il kosdHLHEHTH MECTHEIX COIPOTHBJCHEH
OTHEeCeHBl K CpPeJHeH CKODOCTH 3a compoTuBieHHeM. IIpHHATHe cpeiHell ckopocTil
nepej, CONPOTHBJEHHEM KaX[blli pa3 oroBapuBaeTcsi 0c05o.

*#* 1. T. Kuceaes. CnpaBouHnk N0 THAPaBJHueCKHM pacyeram. [oc-
sneprousaar, M., 1950, crp. 95.
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HoM BXOfie {py = 0,20 =~ 0,25, npu BeceMa mTJIaBHOM OUYEPTAHHM BXOJA
CBX = 0,0S.

4. Boixoa U3 TpyOb B pesepByap 6onblINX pa3mMepoOB.

PaccmaTpuBasi siBjleHHe KaK BHe3alnHoe paclinpeHue moToka (m. |
HACTOSILIIEro MPHUJIOXKEHUS) NPH @1, 3HAYUTEJbHO OOJbIIeM (g, H IPHU-
uuMasi k = 1, neaydaem (gy = 1.

5. IlepexonHbIe KOHYCH

a) Konngecku pacxopsmuiics INepexoiHblii KOHYC; KO3(hdHIHEeHT
conpoTuBJenus Cy,, onpeneaseTcss Mo 3aBHCHMOCTU

Aoonr—1  /n—1\2
Cxon = " +< P )sma,

. n?
85m—2—
2
¥4 B
e m—
.&..439*..__122_._
W,
v 7 w, 2

rae A — KO3()pHLUMEHT CONPOTHBIIEHIIS, yUHTHIBAIOLIMI NOTEPH 3Hep-
THH N0 JJIMHE;

@ — YyIroJl KOHYCHOCTH,
[OF3
n = L’S‘ — CTeleHb pacliupeHna KoHyca.
1
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6) Konmdeckn cxoxsimuiics mnepeXOAHBIH KOHYC; Ko3(dHIHEHT
COTpOTHBJEHHsSI { MOMXKeT OHITh ONpefesieH IO Takod (opmyJe:

N n?—1
e

Ckon =

8sin —;

6. Iuadpparma B Tpy6e NOCTOSHHOTO CEYEHH.
[Mo zanseiM LATH,

0,707

.—___2(01 2
Cagp = | 1 + l/l_ﬁx_ <";;'—1)-

@y,

B Tabn. 3 npuBepeHbl Ko3()puIHEHTH CONPOTHBAEHHs!, MOACYHTAH-
Hele 1o QopmyJe [JATH.

Ta6aunga 3

— 0,0SI 0,1 0,2' 0,3 ' 0,4' 0,5' 0,6| O,7| 08 |09]10

Cavp 1070, 245 51,0| 18,4| 8,2 ‘ 4,0 l 2,0 l 0,97| 0,41 lO,lBl 0,00

7. 3agBHXKH

Kosdouiment conpotuB/ienns saiBHXKKH (y; 3aBHCHT OT CTEMeHH

ee OTKphITHA. Ero 3HaueHus: nmpuBefieHbl B Talil. 4, rie w, — IVIOWAb
OTKPHITHA, 2 ® — IJIOMIA/b XKHBOrO CeYeHHs TPYOHL.




Ta6auma 4

d—h
a2 0 18 | 28 | 38 | 48 | 58 | 68 | 78
“-’0% 1,000 | 0,948 | 0,856 | 0,740 | 0,609 | 0,466 | 0,315 | 0,159
tox 000 | 007 | o2 | o8t | 206 | 552 | 170 | 978

8. [ToBopoT TpyGH

a) IlnaBnpiii moeopor TpyGni Ha yroa a. Ilo ¢opmyse AGpamo-
BHYa Misi TPYG KpyrJyoro cedeHus Gy, = 0,73 ab,

rae a =f; (?) H b = f, (a) onpeznessIOTCst IO NPOBOAMMBIM Tpa-

a
928 klg $/
Q24 \ Nt |
920 \ 1 [6'
916
' N 12
972 \\ as, / ég) 28
N
96 A
. ¥

0 2 4 6 8/0(7 0 40 80 120 /60

(uKaM B 3aBHCHMOCTH OT pajuyca 3akpyrJjeHusi R, AuaMmeTpa TpyObl

d ¥ yrja noBopoTa a.
KoadpuuueHTsl CONpOTHBJIEHHS 3aKpyTJeHui Tpy6 KpyrJyoro ceye-
HUSl NPH UeHTpastbHOM yrJe nosopora a = 90° no navneiM BOAT'EO

npuBefieHsl B TabJ. b.
Ta6auna 5

d, um 50 100 | 150 | 200 | 250 | 300 | 350 | 400
Conk 076 | 039 | 037 | 037 | 040 | 045 | 045 | 042
d, mm 450 | 500 | 600 | 700 | 800 | 900 | 100
Caax 042 | 046 | 047 | 048 | 048 | 049 | 0,50
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6) Peaknii nosopor TpyGbl Ha yroa a. KosduuueHt cOnpoTHs-
JICHHSI KOJieHa 3aBHCHT OT yrJia NOBOPOTA o M MOXET NPHHHMAThCH

no jaHEbIM IlpomcTpoiinpoekTa (1a6i. .6).

Ta6auua 6

|3oo

40°

50° ’ 60°

70°

80°

90°

CKOJI

£ =10,0;

| 0,20 l 0,30

9. Knmanmausl,

0,40 l 0.55 | 0,70 l 0,90 I 1,10 I

KpaHh

Jlns OpHeHTHPOBOYHOrO pacyera MOryT GObiTb IPHHATHL CJEAYIO-
mHe 3HaueHus: Ko3(hdHUINEHTOB CONPOTHBIECHHS:

JHCKOBBIH KJjamaH IpH ToJjHoM OTKpeiTHH ¢ = 0,10;

BCACHLIBAIOWMH KJalaH C CeTKOH Ha BcachiBaloUleHd JIMHHH Hacoca

pasjuyHble KJanaHpl NPH IOJHOM OTKPBITHH {=5,0.
Hpusoncerue 1V

v
Ta6auua CKOPOCTHBIX XapakTepucTHK W = 177: f (R), mOACYMTAHHBIX MO MOJHOI

¢opmyse akap. H. H. IlaBioBckoro

KoadpunueHT wepoxosa- Kosddpuunuest mepoxosa-

R, TOCTH 1 R, TOCTH N
0012 | 00225 | 0,025 0012 | 00225 | 0,025

0,10 19,07 8,22 7,08 1,80 120,88 66,81 60,51
0,16 25,80 11,68 10,16 1,90 125,16 69,33 62.86
0,20 29,78 13,77 12,03 2,00 129,26 71,84 65,05
0,30 38,61 18,57 16,38 2,20 137,05 76,53 69,41
0,40 46,43 22,96 20,37 2,40 144.85 81,02 73,59
0,50 53,53 27,01 24,04 2,60 152,37 85,46 77,72
0,60 60,19 30,83 27,50 2,80 159,47 89,69 81,49
0,70 79,40 34,47 30,87 3,00 166,62 93,87 85,39
0,80 80,80 37,92 33,99 3,20 173,34 97,67 88,90
0,90 81,80 40,98 36,90 3,40 179,97 101,60 92,38
1,00 83,30 44 40 40,00 3,60 186,51 105,31 95,82
1,10 84,40 47,51 42,90 3,80 192,99 108,78 99,03
1,20 85,40 50,50 45,57 4,00 199,20 112,40 102,40
1,30 98,40 53,47 48,23 4,20 205,15 115,79 105,34
1,40 103,06 56,20 50,88 440 211,02 119,14 108,24
1,50 107,77 59,03 53,40 4,60 216,63 122,25 111,10
1,60 112,20 61,60 55,78 4,80 222,38 125,54 114,15
1,70 116,69 64,28 58,28 5,00 228,08 128,80 117,17
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COOEP)XAHUE
IlpeamcaoBue . . . .« v v v i i it vt v it it e e
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