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BpeMeHH f, MOXHO BHIODAaTb NpPOU3BONLHO, TO OTCIOlA CJelyeT, UTO
TpAeKTOpHs 4YacTHUB A sBjsercs TakxKe JHHHell TOKa.

3. BosbMeM NpOM3BOJBLHBIN 3aMKHYTHI KOHTYp C M uepe3 Kax-
AyI0 TOYKY €ro B OAMH H TOT e MOMEHT BpDeMeHH INPOBEIeM JHHHU
Toka (puc. 238). OHu pacnoJoxkarcd Ha HeKoTopoi Tpy6uaTtoii mo-
BEDXHOCTH, HasbiBaeMoH mpyOkod moxa. Tak KaK CKOPOCTH uYa-
CTHI, KHIKOCTH Hampas/JeHbl IO KacaTeJbHBIM K JHHHAM TOKa, TO
TpH TeUeHHH XKUAKOCTb He MOXKeT IlepeceKaTb GOKOBYIO MOBEPXHOCTb
Tpy6KH Toka. TpybOka Toka Befler ce6sl Mof0OHO GOKOBOH MOBEPXHOCTH
XKecTKo# TpyGKH, BIOJb KOTOpO#l Teuer xuixoctb. Ha Takme Tpy6ku

TOKa MOXKHO pa30UTh BCe MpPOCTPAHCTBO, 3aHHMaeMoe
)uiKocTeio. Ecnm nomepeynoe ceueHHe TPyOKH TOKa
6eCKOHEYHO MaJjio, TO MOXKHO CUHTaTb, UYTO CKOPOCTb
JKHIKOCTH OJlHA H Ta e BO BCeX TOYKAX OJHOTO H
TOTO 3Ke IOTIepeyHOro CeYeHUsl W HanpaBJeHa BIOJAb OCH
TpyOKH TokKa. Macca KMAKOCTH, NpoTeKamollas 3a Bpe-
Ms df yepe3 momepeyHoe ceueHne TPyOKH, ompeensercs
BBIPaKeHHeM

¢ dm = pvS dt, (93.1)

Puc. 28 rpe p — mioTHOCTb KHAKOCTH, a S — MowWans (Hop-

MaJIbHOTO) TOTIePeyHOro CeuyeHHsl TPYOKH.
B cnyuae cranuonapHoro TeueHus Macca dm GyAeT ofHOH H ToH
XKe 1714 Bcex ceueHHH TpyOKH ToKa. Ec/M B3ATh 1Ba CeueHHs, ILIOMALH
KOTOPBIX pPaBHHL S; U S,, TO MOXKHO HANHCAThb

101581 = 3025 (93.2)

Ecau 66t 370 paBeHCTBO He co6.10[a/d0Ch, TO Macca KHIKOCTH MeXKLY
ceyeHUsAMH S; U S, u3MeHsinach GBI BO BpeMeHH. A 3TO NPOTHBOPEUHT
3aKOHY COXPaHEeHHUS MAcChl H NPEINONOKEHHI0 O CTAllMOHAPHOCTH Teye-
HHsA. EcaH XKuIKOCTb HecxkHUMaeMa, TO p; = Py, H cooTHoWeHHe (93.2)
IIPUHUMaET BU]J, ‘

Ui Sz

e (93.3)
CKopocTb XHIKOCTH B OJHOH H TOH Ke TpyGKe TOK3 TeM 0oJblle, Yem
yXe momnepeyHoe ceyeHHe TpPyOkH. OHa o6paTHO NPONOPIHOHAJIbHA
IVIOUIAM 3TOTO INIOTIEPEUHOrO CEeueHHs.

§ 94. CrauuonapHoe NBHMEHHE HACAJIHHON HHUIKOCTH.
YpasHenue Bepuyanu

1. M3syuenne [BHKEHHS peasIbHBEIX XKHIKOCTEH M Ta3o0B, BooGlle
roBOps, IIPEACTAB/IAET OYEHE CJOKHYIO 3ajady. [lada ee ynpolleHns cHa-
yasia TIOJHOCTbIO TIpeHe6peraoT CHIaMH BHYTpeHHero TpeHus. Paccma-
TPHUBAIOT CJydyall MACaNbHOH KHIKOCTH, B KOTOPOfl NpH JOOBIX IBH-
HKEHHAX He BO3HUKAIOT KacaTeslbHble H HOpMaJbHble CHJBI BHYTPEHHEro
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Tpenus (cM. § 89, 1. 6). EnuHCTBEeHHBIe TOBEDPXHOCTHBIE CHJIBI, KOTOpHE
MOryT NeHCTBOBaTh B HJEa/bHOH XKHAKOCTH, — 3TO CHJIBI HOpPMaJ/IbHOT'O
nasnenus P. Ilpu sTom camo LaBjeHHe P OIHO3HAYyHO ONpejensiercs
IJIOTHOCTBIO H TeMmnepaTypoll KHMAKOCTH. s yHpolleHHs KHAKOCTb
CUMTAeTCA TaKXKe HecxKHMaeMoH.

2. PaccMOTpHM CTallHOHapHOE TedeHHe HAeaJbHOH XXKHIKOCTH B Ka-
KOM-IH60 KOHCEPBATHBHOM CHJIOBOM IioJie, HallpHMEpP B MOJ€ CHJIBI
TaxKecTH. [IpUMEHHM K 3TOMY TeUeHHIO 3aKOH COXPAHEHHs 3HEPIHH.
[Ipu 3ToM OyneM IOJHOCTbIO NpeHeOperaTb Tena000MeHOM, KOTOpBIH
MOXKeT TPOHCXOIHTh MeXAy YacTsMH XKHIKOCTH C OKpy:Kaiolieil cpe-
Jo#. BoiienuM B XXHAKOCTH GeCKQHEYHO y3KYHIO TPYOKY TOKa H paccMo-
TPHM YacTh XKHAKOCTH, 3aHHMaroltyo o6veM MNDC (puc. 239). Ilycts
3Ta yacTb IepeMecTH/ach B 6eCKOHEUHO GaH3Koe nodsoxenne M, N,D,C,.
Boiuncsinm pa6ory A, cosepiuae-
MYIO NPH 3TOM CHJIaMH JaBJIEHHS.
IlaBnenue, nefictByiouee Ha GOKo-
BYI0 TOBEPXHOCTh TPYGKH TOKa,
NepneHHKYASIPHO K IepeMellie-
HHIO U paboTH He coBepiuaer. [Tpu
niepeMelleHHH rpaHuus MN B no- C
JokeHne M; N, coBepiuaercs pa- b
6ora 4, = P,S,!;, tnel, = MM, — Puc. 239.
BeJHUYHHA INepemelieHHsi. Bsens
obvem A,V = S,;/;, ee MoxHO npencraBuTh B Buge A, = P,AV, uau
A = PlA—;@, rae A;m — Macca XKHAKOCTH B .06beme MNN;M,. Ilpu
nepememeﬂlpm rpauuel CD B nonoxenue CyD; XHAKOCTb COBeplIaer
paboTy npoTHB JaBieHust P, (MM paBneHHe P, coBepiuaer Haj XKuj-
KOCTBIO OTpHLATeNbHYI0 paGory). Ilas Hee, paccyxjuas aHaJOrHYHO,

Hafinem Ay=P, —pz—m, rne A,m — macca XHIKOCTH B o6veme CDD,C,.
2

Ho ecnu nBukende crauuonapHo, TO Macca XHAKOCTH B ofbeme
M;N,DC He u3MeHHTCS, a TIOTOMY W3 3aKOHA COXPAHEHHs MacChl Io-
ayunm Aym = Aym. Onyckas uHzexkcol y Am, pns paGothl, coBepluae-
MO BHEIUHHM JaBJieHHeM, OKOHYaTeJIbHO HAaXOJHM

A=A1—A2=(ﬁ —ﬁ>Am.

01 P2
Sra pabora IO/KHA OblThb paBHa mpHpailleHdio AE mnoJHoi sHepruu
BBIJIeJIEHHOH YacTH XKHIKOCTH. BBHIy CTallHOHAPHOCTH TeueHus SHEPrus
XKHuakoctH B o6beme M;N,DC ne usmenunaco. Ilostomy Bemmunna AE
paBHa pasHOCTH 3Hepruii Macchl XKuakoctH Am B nonoxenusnx CDD,C,
H MNN,M. O6osHauasi NOCPeICTBOM € IOJHYIO 3HEPTHIO, NMPHUXOAS-
ILYIOCSl HA eIUHHILY MAacChl KHAKOCTH, HaxomuM AE = (g, — g;) Am.
IpupaBHuBas 3Ty BeHuuHY pabote A U cokpauias Ha Am, mosyyaem

el—l——lzez—l—-v. 94.1)
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Orciofa cieftyer, uto adoab 00Hoid u Mol e AuHUL moKa npu cma-

LUOHAPHOM Mederuy udearbroti sudkocmu eeauduna e + P/ p ocmaemes
noCcMOARHOU:

e+%=B=const; (94.2)

D10 COOTHOILIEHHWEe HasblBaercs ypastenuem Jlanuusa Bepryasru
(1700-—1782), xoTopulii BHepBhIe ony6sankoBas ero B 1738 rogy. Ilpu
BLIBOJIE YpaBHEHHs BepHyJIIH MBI HHIle He Henoab30BajH NPeAnooXKe-
HHH O HECKHMAaeMOCTH XHAKocTH. [TosToMy OHO crnpaBefJIHBO H s
CXKHMaeMbIX XHAKocTel, TpebGyeTcss TOMbKO, UTOGHI KHJAKOCTH Obl]a
HleajbHOH, a TeUeHHe — cTauHOHAapHLIM. OIHAaKO pa36op H MpHMEHEeHHS
ypaBHeHHs1 BepHy//IM /151 C2KMMaeMbIX KHAKOCTel H ra30B MBI OTJIOXKHM
JI0 BTOPOTO TOMa, TaK Kak 3T0 TpeGyeT 3HaHHs SBHOIO BRIDaXKeHHUs [Js
SHEPTHH €. 3JeCb OTPAaHHYHMCH PACCMOTPEHHEM HEeCXKHMAaeMbIX KHI-
KOCTeH, ABHKYLIHXCH B IoJe TsKecTH 3eMid. VIMeHHO B 3THX mpea-
I0JIOXKEHHAX ypaBHeHHe (94.2) ObLIO yCTaHOBJIEHO caMHM DBepHyJuIH.

Ecau XUAKOCTh HEC)KHMaeMas, TO NPH TEUEHHH He MeEHsercs Ta
yacTh TOJIHOH SHEPTHH €, KOTOpas 3aBHCHT OT CXKATHHA JKUIKOCTH.
ATy 4acTh MOITOMY MOXKHO He NPHHHMATb BO BHHMaHHe. Bcsi-3Heprus
£ CKJajbiBaeTcsi W3 KHHETHYECKOH 3HEPrHU eJAMHHIBI MacChl KHA-
KOCTH 1%/2 W ee NMoTeHLWAAbHOH 3HEPTHU gh B moJie THAXKeCTH. B aToM
ciyyae ypaBHeHHe BepHysnu npHHHMaeT BHA

v2 P
7+gh+?=B=const. (94.3)

3. TloguepkHeMm elne pas, uro nocrosiHHass DBepuyssin B omua u
Ta 3xe 60046 00HOU u mod ¥e ruruu moxa. OqHako oHa, BooOLe roBops,
MOXKET MEHATHLCSA NIPH Nepexofie OT OfHOM JHHUH ToKa K Jpyrofi. Ho moryT
*GbITh M TaKHe C/IydaH, KOTAA NocTosiHHas Bepuysau onna H ta xe s
BCEro NMOTOKAa KHAKOCTH. OTMETHM OJMH, JOBOJIbHO YacTO BCTPEYaro-
WHACA Cayuaii, KOTAa 3T0 HMeeT MecTO. JIomyCTHM, YTO BCE JIHUHHU TOKA
HAYHHAIOTCS MJH OKaHYMBAIOTCSA B TaKOH 06/1aCTH, Tie XKHAKOCTh NpakK-
THYECKH HAXOJHTCSH B COCTOSIHHH MOKOs. BoabMeM OfIHY U3 TOYEK JIHHHH
ToKa B Takoi obnactu. Torma B ypaBHenuun (94.3) ciefyer moJioXHTb
v =0, u Mol noayunm B = gh 4 P/p. Ho Bo Bcell o6mactu, rie
JKHJIKOCTb TOKOHUTCS, cOOMI0aeTcsl ycJOBHe paBHOBecHs gh - P/p =
= const. Orcioza W BHAHO, YTO mocTosiHHas DepHysnu B B paccMa-
TPHBaEMOM CJIydyae OJHA M Ta XKe JJIsl BCEro MOTOKA XHAKocTH. Boisee
o0IMM fIBJISIETCA CJIydait, KOrjJa B HEKOTOpOH 06JIaCTH NPOCTPAHCTBA
HeCXKUMaeMas HJeajbHas KHUAKOCTb JIBUIKETCS NapasJeIbHbIM MOTO-
KoM B Jio6OM HANpaBJIEHHH € MOCTOSIHHOH CKOPOCTBIO U,, a 3aTeM
[apa/yieIbHOCTh [OTOKa HapyllaeTcsl NPensTCTBHSIMH, CTOSINHMH Ha
'ero MyTH, HJIH BCIEACTBHE PACIIHPEHH HJTH CyKeHHH TPyObl WK pycia,
0 KOTOPBHIM TeYeT XHIKOCTb. B 3ToM ciyuae nocrosiuHas Bepuysau
B rakxke oguHakKoBa i Bcex JUHHH TOKa. UToGH yOemHTLCA B 3TOM,



§ 941 VPABHEHUE BEPHVJAJIU - 463

JOCTaTO4YHO INEpeHTH K CHCTeMe OTCYeTa, DABHOMEPHO JBHIXKYIIEHCH
OTHOCHT@JIbHO HCXOJHOH CO CKOPOCTBIO Up.

4, JlomycTuM Temepb, 4TO TOHKas TPYOKa TOKA MMeeT NepemMeHHOe
TIOMepeyHoe CeueHHe, a 0Ch ee FOPH3OHTAJIbHA. (ITpumepom Moxker ciy-
KHUTb TOPH3OHTANbHASI TPYOA NEPEMEHHOro CEYEHHSs], IO KOTOPOH Teyer
xujkoctb). Toraa A = const, u ypaBHeHue BepHyanu npuHHMaeT BHJ

2 P
4 = const. (94.9)

Orciona BuAHO, YTO JAaBsieHHe Gosbllie TaM, e MeHblue CKOPOCTb U,
1 HaoGopotr. C Apyro#i CTOpOHBI, COrsacHoO cooTHoweHHo (93.3), cko-
pOCTh ¥ MHHHMAJIbHA TaM, I'/le MaKCHMaJ/JbHO CeyeHHe TpyOKH. 3HauHT,
B IIHPOKHX 4aCTAX TPYOKH JaBJeHHE MAKCHMAJbHO, 4 B Y3KHX — MH-
HHManbHO. Takofl pe3ysbTaT siB/IsieTcs HeloCPeACTBEHHBIM CJIeICTBHEM
BTOpOro 3aKoHa HeloToHa. JlelicTBHTeNBHO, KOTAA KHAKOCTh M3 LIKPO-
KOH uacTH Teyer B y3kyio (pHuc. 240), To

CKOPOCTb €€ BO3PACTaeT. 3HAYHT, YCKOPe- e =

HHe HanpaBJjieHO B CTOPOHY TeYeHHS, T. €. —m= —
Ha puc. 240 cieBa HanpaBo. D10 ycKope- :____/

HHE coo0liaeTcss pasHOCTBIO JaBJEHHH, ‘
JefCTBYIOIUX HA paccMaTpHBAEMYIO 4acTb Puc. 240.
XKHJIKOCTH cJieBa H cripaBa. ClefoBare/1bHO,
JaBJeHue cJepa, T. €. B Gojee WHPOKOH YacTH TPYOKH, NOMKHO OHITH
GoJibllle, 4eM clipaBa, rie TpyOka {ike. .

5. Tloan3ysice ypaBHenueM (94.4), MOXHO JaThb OTBeT Ha BOIpOC,
KOr/a TpH TeYeHHH XKHIKOCTb HJIH Ia3 MOXKHO CYHTATh HECKHMaeMbIMH,
XoTs1 6oJiee CTPOroe J0Ka3aTeNbCTBO JOMKHO OCHOBEIBATHCS HA ypaBHe-
HUH Bepuynau B Gosee obuweilt dopme (94.2). JlaBieHHe M CKOpOCTB
TeYeHHs B JBYX TOYKaX | ¥ 2 Ha OJHOH W TOH XKe JMHHUH TOKA CBSI3aHH
COOTHOLIEHHEM

AP =P, — P, =5 (v} — 0.
C npyro# CTOpOHHI, '
Ap=-38 AP—, AP,

rie ¢ — CKOpocTb 3ByKa (cM. § 85, m. 1). [Last Toro uytoful mpH Teue-
HHMH KHAKOCTb MOXKHO OBLIO pacCMaTPHUBATh KAK HECKHMAEMYylo, Heol-
XOIUMO BblNlosHeHHe cooTHoweHuss |Ap| < p npu mobGoM BhGOpe
ToueK 1 M 2. 3T0 NPHBOAHUT K YCJOBHIO

|vg—vi| <Lk, (94.5)

T. €. H3MEHeHHe KBaJpaTa CKOPOCTH TeYeHHs MKHAKOCTH NONKHO OHITh
Malo IO CPAaBHEHHIO C KBAJPATOM CKOPOCTH 3BYKa. Ecnu Tevenne
OTHECTH X CHCTEME OTCYeTa, B KOTOPOH MKHMIKOCTh B KaKOH-IM0O TO4Ke
HOKOHTCH, To yesaoBue (94.5) ympolllaercss U NPHHUMaeT BHJ

B (94.6)
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T. €. BO BCEM IOTOKE KBAJApaT CKOPOCTH TEUEHHS JOMKEH GBITh MAaJIbiM
0 CPaBHEHHIO C KBaJpaToOM CKOPOCTH 3BYKa.

Ecnv npu TedeHHH MeHsSieTCst BEICOTA A, TO C ITOMOIULIO ypPaBHEHHMs!
(94.3) merpyaHo nokasath, uto nomumo (94.5) TpeGyercs AOMOJHM-
TeIbHOE YCJOBHE

ghh < ¢, (94.7)

BbINTOJTHEHHE KOTOPOIo HeO6XOILHMO, LYoo KHIAKOCTb HJH ra3d MOrjiad
paccMaTpHuBaThCAd KakK HeEC)KHMaeMbie.

6. OnumeM HeCKOJbKO ONBITOB AMS W/UIIOCTPAUMM YpaBeeHHs Beprysnu. Ha
pHc. 241 n3obpaxkena TpyGa NepeMeHHOTO CeueHHs, Yepe3 KOTOPYIO IPOINYCKaeTcs
Bo3ayx. O naBjeHHH BO3lyxa B TpyGe MOXKHO CYAHTb [0 YPOBHSM BOABI B CTEKJISIHHBIX
MaHOMeTPHUYeCKHX TPYOKaX, COeAMHeHHEIX ¢ Helf, KaK NoKasaHo Ha puc. 241. Oka3u-
BaeTcA, YTo B TpyG6Kax, COefHHEHHBLIX C Y3KHMH HacTAMH TpyGbl, BOZa NOXHHMAEETCH
Bblle, & COEAHHEHHLIX C INHPOKHMH 4acTAMH — HHXe. 3HayHT, B NEPBOM Caydae
AaBJieHHe BO3JyXa B NMOTOKe MeHblle, 4eM BO BTOpoM. Tak M JO/MKHO GLITh COTJIaCHO
ypaBHeHHO (94.4).

STa JIEMOHCTPALMA MOKET CJYXKHTb JVIS MOSCHEHHS HAEH 6000Mepa, CYKallero
LA H3MepeHHA pacxoda 600, T.e. Macchl BOAbl Q, NMpoTeKaolleH eXeceKyHIHO
yepes nonepeyHoe ceueHHe TpyOul. B TpyOy BcTaB/seTca KOPOTKHH yuyacTok (mpybxa

Puc. 241.

Bermypu) c MeHbLIMM NOTiepeyHEIM ceyeHHeM. IlycTe S; U S, — mJlolWafH nomnepey-
HEX CeueHHi IIHPOKOrO M Y3KOrO0 Y4acTKoB TPYGH, a P; H P, — jpapjenus BOAw
B HHX, H3MepseMHe ¢ NOMOLbI MaHOMeTpoB. Torga mo ypaeHerHio Depuyniu

o P v} P
2ty =2ty

Kpome Toro, M; = pv,S; = pv,S,: Onpelesns 0TCI0Ja Uy M Uy U BCTABHB B [IPeJkl-
Ayliee COOTHOILIEHHE,II01Y4HM

2p (P —Py)
=88 L el 94.8
7. Bo3nMeM pe3HHOBYIO TPYOKY, HafeTyl0 Ha CYXHBAOUIMHCA CTeKJSHHLIA
HaKkoHEYHHK, H GyJeM npojyBaTb uepe3 Hee B03ayx (puc. 242, BuA cBepxy). [abie-
Hue BO3[YXa B Y3KOj YacTH HAaKOHEUHHKA H B BHIXOASIUEH U3 HEro cTpye Gy/AeT MeHbiIe
atmoctepHoro. TlTogHeceM cTpylo C60KY K JerKOMY M0JIOMY LEMIYJIOHAHOMY LIAPHKY,
nojpelieHHOMY Ha HHTH. lllapuk BTAruBaeTcs B CTPYIO, a 3aTeM YBJEKaeTCH elo.
Ecau cTpyio HanpaBuTb BepTHKAJbHO BBEpX, TO BTSHYBIUHHCS B Hee LIAPHK MOXKHO
YAEpKHBaTh B paBHOBECHH Ha olpefeseHHof BricoTe. OH BeaeT ce6s nofofHo WapHKy,
_ NOMeleHHoMy B sMy. IIpuBA3HBaTh IMaPHK K HHTH B 9TOM oflkiTe He Tpefyercs,
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8. IloaHeceM Temepb CTPYIO BO31yXa K BEDXHEMY KOHIY CTeK/ISHHOH TPY6KH,
HUXHUI KOHell KOTOPOH NMOTpY:KeH B BOAY, 2 BEPXHHI OKaHYHBaeTCAd Y3KHM HaKOHed-
HHKOM (pHC. 243, a). Boaa B cTeK/IiHHOI TpyGKe GYAeT NOJHHEMATbCA, pa3GpLI3ar HBATLC F
W yBJIeKaTbcs cTpyeil Bo3fyxa. Ha 3ToM NmpHHIIHNe OCHOBAHO YCTPOHCTBO nyaseepu-
samopa. Ecnn Tpy6Ka, Mo KOTOpo#H NpoayBaeTcss BO3AYX, He CHa6KeHa y3KMM HaKo-
HEUHHUKOM, a MMeeT MOCTOSIHHOE Nonepeu- '
Hoe ceyeHHe (pHC. 243, 6), TO MOLHSTHE  sm—n
BOIbl U Pa3GpLI3rHBAHHE He NPOUCXOIMT.
Ecnu, oaHako, Takywo TpyOGKy NOAHECTH
BIVIOTHYIO K HAaKOHEUHHKY TPYOKH, mo- O
rpy:eHHOH B BOAy, TaK, YTOOH Mex1y Puc. 242
HHMH ofpasoBajcs Yy3kuii 3asop (pHC. ' :
243, 6), TO Boja OnNATb NOAHHMaeTcs H
pa36phiaruBaetcst. 3a3op Mexly TPYOKaMM BHINOJHSAET POAb Y3KOro HaKOHEMHHKA,
NOHHKAIOUIETo JaBleHHe BO31yXa B CTpYe.

9. Ecnu 1Ba cjerka M3OTHYTHIX JIHCTA TBepAOH GyMaru MoJBeCHTb Ha TOPHU30H-
Ta/NbHEIX TPOBOJIOKaxX (pHc. 244) ¥ npoaysarh Mexy HHMH BO3JYX, TO OHH NPHTSCH-
BaOTCS APYT K Apyry. [eso B TOM, 4To jaB/ieHHe Bo3ZyXa P Mex[y JNHCTaMH B Hau-

- |

A
S V- ——
&
a) £) 8)
Prc. 243.

6oJiee Y3KOM MeCTe CTaHOBHTCS MeHblle aTMocepHoro Pg, H HapyxHoe aTMocdepHoe
JaBJleHHe MPHKHEMAET JIUCTH APYT K APYry. MOXKHO Takxe NMOABECHTb Ha HeGOJbLIOM
PACCTOSTHHH APYT OT ApYyra ABe CTeKJAsHHbIe KoI0sl. [IpH nposysanun Bosgyxa Mexay
HUMH KOJIGH HAYMHAIOT CTY4aThb, CTaJKHUBasch JApYr c ApyroM. Ilpurs:keHne Takoro
}e THNa HaGMofaeTcs MeXiyy ABYMs KOpaGJsaMH,
KOTjJa OHH MAYT MNapajjieJlbHHM KypcoM Ha He-
6OJILIIOM DPACCTOSTHHH JAPYT OT JApyra. D10 Jerko
OOBSICHHTb, eCJH TNepedTH B CHCTEMY OTCYeTa,

—f P | -
4 7 nar

Puc. 244. Puc. 245,

B KOTOPOH KopaGJH NOKOSTCH, a Boja TeueT Mexny HHMH. OmucanHoe sBJIEHHE He
pa3 GBLTO NPUYHHON CTOJNKHOBEHHS CYJOB H NPHBOAHIO K aBapHAM.

10. Ha puc. 245 cxeMaTHYecKH n3o6pameH npubop Kiemana (ym. 1841) u He-
sopma (1777—1862). OH COCTOUT U3 IaTYHHOTO KHCKA C OTBEPCTHEM B LIEHTPE, K KpasM
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KOTOPOTO NpHJAeJaHa JnaTyHHas TpyOka. Ha Ty Tpy6Ky Hagera pesHHOBas TpyG6ka,
yépe3 KOTopyIo NpofyBaeTcs Bo3AyX. EC/IM JUCK NOJHECTH K JIHCTY 6yMary, Jekalemy
Ha CTone, TO JIKCT NPHTARETCA AHCKOM. JIes10 B TOM, HTO B Y3KOM 3330pe MEKAY JAUCKOM
H JHCTOM GyMmarn ofpasyeTcs pacXojsiHfcA OT UEHTPAa K KpasM NOTOK BO3AyXa.
JlaBneHue B 5TOM 3a30pe NOHHKAETCH, M JIUCT GYMary
—_—:_,_7—_——— NPUKEMAeTCd K JHCKY JaBJeHHeM HapyKHOTO BO3-
/ nyxa. Tlpwxarelli JHCT 3aKpbiBaeT oTBepcTHe AB,
TeyeHHe BOBJYXa uepe3 TPYGKY 3aTopMaxuBaercs,
)] g AaBJleHHe €ro MOBLIIZETCA, W CHOBA NOSABJSAETCH 3a-
30p, 4epe3 KOTODHIH yCTpeMiaseTcA NOTOK BO3AyXa.
——\_ JlucT 6ymaru onaTb NPHTATHBaeTcsd K JHCKY M BCe
—*‘\_ NIOBTOPAETCA, NOKa HE NpeKparutcs AyThe. B pesyisb- -
———=—=————  Tare OyMaXHHIH JHCT TIPHXOAHT B GHICTPHIC KoJeGa-

: Hus, H3faBass 3BYK.
Puc. 246. 11, JomycTHM, 4YTO NOTOK XHIKOCTH O6TekaeT
Kakoe-1H60 Teno (puc. 246). Ot ToukH A JHHHU ToKa
pacxofsaTcs B cTopoHH. B Touke A, Ha3biBaeMO Kpumu«eckod, CKOPOCTb XHUIKOCTH

ofpaiaercs B HyJb, B Hell JHHUS ToKa o6puiBaerca. [IpuMeHss ypasHenue Bepryanu
K JHHHH ToKa BA, noayuyum

1]
P+ _p, (94.9)

rie P, — naBieHde B KDHTHUECKOH Touke, a P — Ha «GecKOHEWHOCTH’, OTKyAa
MHIKOCTh TeueT. Benuuuna P, — 570 MaKkCHMaJbHoe JaBJeHWE, KOTOPOE MOXKET
HMeTb XHMAKOCTb Ha paccMaTpHBaeMod JHHMH ToKa. Ot Ha-
JHUHS CHJIBl TSKECTH Mbl OTBJEKaeMcs, Npepmonaras, YrTo
BCE JIMHHH TOKA IVIOCKHE H JIeXaT B TOPH30OHTANbHBIX MJIOCKO-
craix. Bennuuna 1/, pv? HashBaeTcsl QunamusecKum WIH CKo-
pocmmbim nanopos, a cymma P -+ 1/, pt® — noansim nanopom
HKHIKOCTH Ha paccMaTpHBaeMoM JIHHHH Toka *). Ecau usme-
PHTh B OTIAEJBHOCTH NOJHLIH H CKODOCTHO# HAaNOP XHAKOCTH
B DacCMaTpPHBaeMO TOYKe IIPOCTPAHCTBA, TO [O HHM JEerko
BLIYMCJIHTL U CKOPOCTb KHIKOCTH B TO#t e TouKe,

Jins u3MepeHHs NOMHOTO HANoOpa HCMOJB3YeTcs mpybxa
Humo (1695—1771). 310 HeGoabllasd H30THYTash MaHOMeT-
puuecKas Tpy6ka, o6paileHHast OTKPHITHIM KOHIOM HaBCTpeuy

Puc. 247. HOTOKY *KHAKOCTH (pHc.247). IIpuoceBere MUHKK TOKa, HANpap-

JleHHble K TPYOKe [IMTO, 3aKaHUMBAKOTCH BHYTPH TpYGKH, Tae

IKHAKOCTH TIOKOUTCS. BbicoTa cToM6a KMAKOCTH, YCTaHaBJH-

Bapoasics B TpyGKe, sIBIseTCS NOSTOMY Mepoil MakCHMalbHOrO AaBJeHus, a cJe-
JOBaTeJbHO, M TNOJIHOTO, HAmopa MKHIKOCTH Ha paccMaTpHBaeMod JIHHHHM TOKa.

Ecnd, nOMEMO NOJIHOTO HAMOPa, M3MEpHTH elle JapjleHHe P, To O HX Pa3HOCTH
MOJKHO HAHTH CKOPOCTHOH Hanop !/,pt?, a 3aTeM BHIYHCAHTBL CKopocTh v. MaMepenne P
65110 Gbl H3JMUIHAM, eC/IH 6B peyb 1IV1a 0 HaXOXJEHHH CKOPOCTH U, HaNPHMep, B peKe,
Tfle XKHJKOCTb HMeeT OTKPHITYIO NOBEPXHOCTb. B 3ToM cilyuae ray6HHa NOrpYXKeHus
Tpy6Ku IluTO0 HemocpenCTBeHHO NaBaia Okl BeJHUHHY HCKOMoro jasfeHus. Ho stor
CIOCO6 He TOAMTCS, KOrAa HKHUAKOCTb TeyeT, HanpuMep, B Tpy6e. OH He FOJIHTCSH TaKike
AJIs1 u3MepeHHs CKOpocTell caMo/IeToB H T. [. B TakuX ciyyasx 1Jf H3MepeHHUs Jasie-
HEs1 P MOXKHO BOCHOMBL30BATECS 30HO0M. 30 OTAMYaetcss OoT Tpy6ku ITnTo TeM, yTo

*) B Texnuyeckoll THIpOAHHAMHKe OOGLIYHO TNpHMeHAETCS CJAEAYIOLasi TepMH-
HoJlorufl. Beauuuny P Ha3plBaT crmamuueckum Oasaeruen, Yy pv® — Gunamuseckus
Oasacruem, a cymmy P+ 1, pv® — noansim Oasaeruem. QIHAKO 3Ta TePMEHOJOTHS,
KaK HeOJHOKPATHO OTMeYajoCh MHOTHMH (HH3HKaMH, HepalHOHAAbHA H MOKET TOJBbKO
BBECTH B 3a6amyxjeHue. E0 MBI Mosb30BaThCa He GyaeM. B KHIKOCTH ecThb JHIIb
€AUHCTBEHHOE JaBJleHHe, KOTOpoe OOYCJ/IOBJIEHO CTENMEHBI) €¢ CHaTHA, H TAKOBHM
ABJserca B&IMuUMHA P,



§ 951 IPUMEPHI HA NPUMEHEHHE YPABHEHHS BEPHYJIH 467

ero nepeiHss uyacTb, ofpauleHHas HaBCTpeuy MOTOKY, 3anasHa, a B GOKOBOA CTeHKe
HMeeTcsl HefOJIblOE OTBepCTHe, KaK NoKaszaHo Ha pHc. 248. Tpy6Ka 30HZa CHILHO
HCK2KaeT NOTOK TOJMBKO B HENOCPeJCTBEHHON OJH30CTH OT ee NepelHero KOHIA,
ofpawerHnoro K notoky. [ToTox, o6TeKaiomuit 60KOBYIO IOBEPXHOCTL TPYGKH, NPaKTH-
YeCKH OcTaeTcsl HeHCKaMeHHBM. [Jo3ToMy B HeMmoCPEACTBEHHOH G/IH30CTH OT OTBep-

Puc. 249.

CTHS CKOPOCTb, a C Hefl H JaB/ieHHe XHAKOCTH TaKHe JKe, KaK H BO BCeX TOYKaX JHHHH
TOKa, NpoxoAsielt B6au3u otpeperHs. [lapjeHne B TpyGKe 30HAa, H3MEpAEMOe MaHo-
MeTpOM, TaKMM 00pa3oM, coBmajaeT ¢ AaBJeHHeM oGreKalomell ee xuiaxocth P. Ha
npakThke TpY6KY ITuTO OGLINBO MOHTHDPYIOT BMeCTe C 30HJAOM, HAlpHMep, TaK, Kak
H3o6paxeHo B paspese Ha puc. 249. Takas Tpy6ka HasuBaetcs mpyOkod I1pandmas
(1875—1953). IlpuHuun ee neficTBHA fACeH M3 PHCYHKA.

§ 95. Ilpumepn Ha npHMEHeHHe ypaBHeHHs BepHyaun.
Popmyaa Toppuyemin

1. PaccMOTpHM HCTeueHHe HeaIbHOH HeCXKUMAEMOH XKHIKOCTH Yepes
Majioe oTBepcTHe B GOKOBOH CTeHKe HJIM JHe LIHpOKoro cocyia. Ya-
CTHIBI XXHJKOCTH NIOAXOAAT K OTBEPCTHIO, HMesl CKOPOCTH B NOTIePEYHBIX
HanpasjaeHdsiX (puc. 250). Vs-3a HHepuHM 3TO NIPHBOIMT K CHGMUK

Puc. 250. Puc. 251.

soimerarouell cmpyu. Bo nabexanue sroro GyjaeM mpenrnosiaraTtb, 4TO
HCTEUEHHe IIPOMCXOAHT uepe3 TpyOKy C 3aKpyIJIEeHHEIMH KpasiMH
(puc. 251). Bnaronaps 3ToMy JIMHMH TOKA I€pe/l HCTEYeHHEM TIOCTENEeHHO
MeHSIIOT HalpaBJjieHHe Ha NapaJjJenpHoe OCH TPYyOKH, M CXKaTHs CTPYH
He BO3HHKaeT *). Bce JMHAM TOKa NpoxolaT 4epe3 TPYOKY, HAYHHASCH

*) D10 He COBCeM TaK, Tak KaK OCTaelCs HEHOTOPOe CiKaTHe, OGYCJOB/IeHHOe CH-
JIaMH NOBEPXHOCTHOIO HAaTAMEeHHS.



