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§ 90. OcHoBHble ypaBHEHHSt DABHOBECHS H JBHIKEHHS
KHAKOCTe#H

1. Cunpl, feficTByIOIHEe B KHAKOCTH, KaK H BO BCAKOH Jpyroi
CIJICHIHON cpefie, OGBIUHO PA3JesIOTCS HA CHAbl Maccosbie {0O0beMHbIe)
U CHJBI nogepxHocmuble. MaccoBasi cuia MpolopliHoHadbHa Macce dmi,
a ¢ Hefl ¥ obvemy dV 3neMeHTa KHUAKOCTH, Ha KOTODLIA OHa JeHCTBYeT.
STy cuay MOxHO oO6o3HauuTh Kak fdV, uaswBas f ob6vemHoid naom-
HOCMbIO Maccosblx cud. BakKHEHIIMMH. IpUMepaMH MacCOBLIX CHJ SIB-
JISIIOTCSl CHJIa TS2KECTH W CHJIbl HHEPUHH (KOTZAA JIBMIKEHHE PacCMATpH-
BAlOT B HEHHepIHaJAbHBIX CHCTeMax oTcuera). B ciyuae cHJIBI TsKeCTH
f = pg, rie p — IJOTHOCTb XKHIKOCTH, & &~ yCKOPEHHEe CHJbI Ts-
KectH. IloBepXHOCTHBIE CHJBI — 5TO TaKHe CHJbl, KOTOPBIM MOJBEp-
raercst Kaxplii oGbeM #HAKOCTH 67arogaps HOPMaJbHBIM H KacaTesb-
HbIM HaNpsiKeHHSAM, AeHCTBYIOIIUM Ha €ro IOBEPXHOCTH CO CTOPOHM
OKPYKAWOWUX uacTell MUAKOCTU.

2. PaccMoTpuM cayuyalf, KOrja KacaTelbHbIX HallpfXKeHHH HeT,
a eCTb TOJIBKO CHJIbI HODMAJBHOTO JAaBJjeHHsl. B HueanbHON KHAKOCTH
3T0 OyJeT Bceria, T. €. IpH Jio- p
6bIX ABHMKEHHSX. B ocranbHbx z —
clydasx —Torja, Korja Kui- FE)—’O '.‘)!-P—(IWX
KOCTb TOKOQHTCSI, T. €. B eudpo-
cmamuke. OnpeleluM paBHO-
JEeHCTBYIOUIYIO CHJ [dBJCHHSA,
JCACTBYIOIUX Ha OECKOHEUHO
MaJblil 37eMeHT oObema xuaKocTH dV. CHauana uaiifieM NPOEKIUI0
5TOH paBHOJACHCTBYIOIWCH HA HalnpaBjJeHHe KOOpAWHATHOH ocH X.
BospmeMm B KauecTBe 3jemedTa dV GeCKOHEUHO Masiblii LUJIHHAP C MJIO-
IajAblo OCHOBaHMI dS u anauHO# dx (puc. 230), opHeHTHpOBaHHLIM
BAob ocd X. AGcumcchl OCHOBaHMH NUAMHAPA 0603HAYUM COOTBET-
CTBEHHO X H x + dx. Cuia maBienusi, JAedCTByloLlas ia MepBOe OCHO-
BaHHe, paBHa P (x) dS, Ha Bropoe — P {x + dx) dS. B ckobkax y P
YKa3aHO 3HaueHHe apryMeHTa x, oT Koroporo P 3aBucur. Koneuno, P
MOXKET 3dBMCETb U OT KOODIHHAT ¥, 2, 4 TaKkKe OT BpeMmend {. Ho Bce
3TH apryMeHTbl HE MEHSIOTCS NPH Iepexofie OT OJAHOro OCHOBAHHS IH-
JIMHApA K APYroMy, a MOTOMY B paccMaTpHBaeMOM HaMH BOIIPOCE MOTYT
CYHTATbCA NOCTOSIHHBIMH. [IpH »KesaHuu TonepevHble pasMepel LH-
JIHH/pA MOXHO B35ITh OECKOHEUHO MaJbIMH BLICLIETO ITOPSiAKA IO CpaBHe-
HHIO ¢ IJIHHOH dx. A Torja y ¥ 2 MOT'yT paccMaTpHBATLCS NOCTOSIHHBIMH
HE TOJbKO NpHU CMEIICHHUSIX BAOJbL UMAHHAPA, HO U Tonepek. CHJBI
JapJeHusl, AeACTBywollle HA GOKOBYIO NOBEPXHOCTL UMJIHHAPA, Tiep-
HNeHAUKYASpHBl K ocH X, a MOTOMY IpH BBIYHC/JEHHH COCTaBJSIOUIMX
BJOJMb 5TOH OcH pOJH He urpawT. MTak, NPOeKIHs CHUI AaBJeHHs Ha
ocb X, IeHCTBYIOUIMX HA pacCMaTpUBaeMblil 3JIeMEHT 00beMa XKUAKOCTH,
paBHa

Puc. 230.

[P (x) — P (x -+ dx)] dS.
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BeckonedHo Manyio pa3sHOCTb B KBaJPaTHBIX CKOOKaX MOKHO 3aMEHHTb
IGHddepennranom PyHKUHH P:

B /dP
P+ ) = P ()= dPy—con = o), vz
¢ =const z=cons

t=const .
Jononuutensuele yejosust y = const, z = const, ¢ = const ykasw-

. dP
BAIOT HA TO, YTO MPH B3ATHH MPOU3BOJHOH - audbdepenunana dP

KOOPJHHATH Y, 2 © BpeMsl ¢ IOMKHBI pacCMaTPUBATLCH KaK IOCTOSHHBIE,
[Mpousponnas dyurunu P (x, y, 2, {), B39Tas NPH TAKHX NONOJIHHUTE/b-
HBIX YC/JOBHSIX, KaK H3BECTHO, HA3bIBAETCH HACMHOU NPOUIBOOHOU W

oP
0003HaYaeTCs MOCPENCTBOM 5-. Mcnons3ys 970 oGO3HaueHHe, mOay-
yaem ISl BBIMHC/SEMOH NMPOEKUHH CHIIBL

— P asae=—2Lav,

Tak Kak dS dx = dV. Dra npoekuusi, TakuMm o0pasoM, NPOMOPLHO-
HaJibHA BesqHUHHe 3jeMeHTa obbema dV, U ee MOXKHO 0003HAYHTL Kak
s; dV. BenuunHa s, ectb x-cocraBisiolllasf CHJBL, JAefCTBYIOLIe Ha
enuHuny ofbeMa XKHAKOCTH, KOTopas BO3HHKAeT H3-32 H3MEeHEeHHS Hop-
MasJbHOrO JaB/ieHHsi I B mpocrpaHcTBe. [lo camomy CMBICIYy OHa He
MOKeT 3aBHceThb OT dhopmbl asemenTa dV. Mul 31 dV B BHZe LnMHHApA
TOMBKO IOTOMY, YTO TAKMM TyTeM JOCTHTaeTcsl HauGosblias IpPOCTOTA
H HarJAAHOCTb BBIMHCJAeHHA. MOMHO TakHM Xe IyTeM HaHTH NpPOeKHHH
Sy U S;, BIOMpas B KayectBe dV sjeMeHTapHLIE LUJIMHAPLI, OPHEHTHPO-
BaHHBIe [1apaJl/ie/ bHO KOOPAHHATHEIM ocsiM Y 1 Z. B pesyJsbraTe HafizeM,
YTO Ha €AHMHHIY o0beMa KHUIKOCTH ACHCTBYET cu/ia §, 00yC/loB/eHHaRA
NOBEPXHOCTHLIMH CHJIAMH JIaBJIEHHS, TOUHEE, HX H3MEHEHHsIMH B TpO-
crpaHctBe. Ee mpoekuuy paBHb!
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Cam BekTOp § paBeH
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H/IH COKpallEeHHO

§=-—grad P. (90.3)
Mzl BBesin o6o3naderue
oP,  OP.,
gradP_a [ ay —l— az (90.4) |

DTOT BEKTOp Ha3wiBaeTcsl epaduermom ckarapa P (oM. takxke § 29).
Taknum o6pa3oM, 00veMHaAs NACMHOCMY § pe3yabmupyiouet cunr 0as-
AeHUA, Oelicmaylouux Ha atemeHmel 06vema HudKocmu, pasHa epadu-
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enmy P, 6aamomy ¢ npomugononoscHoim 3Haxom. Mbl BUIUM, UTO cHja §
0OyC/IOB/IeHA HE BEJIHYMHON JaBJeHMsl P, a ero npocmpaHcmseHHbimu
usmerenuamu. BeanunHa P Takxe cyuiectBeHHa. OHa omnpejenser
Cmenenb CHamus HuoKocmu B pacCMaTPHBAeMOH TOYKe NPOCTPAHCTBA.
3. B cocrosinun paBHOBECHs CHJIAa § JO/KHA YpaBHOBEILHBAThLCS
MaccoBoH CH/IOH f. DTO NPHUBOJUT K ypPaBHEHHIO ‘

grad P=f, (90.5)
KOTOpOe SIBJISIETCSl OCHOBHbIM YypasHeruem eudpocmamuku. B Koopan-
HaTHo Qopme OHO HMeeT BHA
oP oP oP
ox=le =l Fm=I (90.6)
MoXHO HamucaThb ¥ OCHOBHOe YypaBHEHHWe THIAPOAHHAMHKH Hie-

aJbHOM XHAKOCTH. B 3ToMm ciyuae dopmyaa (90.3) takke mpumeHHMa,
a IIOTOMY Mbl IIOJTyYaem

o % —f—grad P, (90.7)

rge ¥ — CKOpoCTh, a Z%’—— YCKOpEHHE XKHAKOCTH B paccMaTpUBaeMoi
Touke. ¥ paBHenHe (90.7) Ha3bIBaeTcs ypasHeruem Jiirepa.

4. Ypasuenune (90.5) noxasbiBaeT, 4TO NPH PAaBHOBECHH XKHIKOCTH
cuna f (TouHee, TJIOTHOCTb CHJIbI MJIH CHJA, AeHCTByOIIAS HA €IHHHIY
ofbeMa KHJAKOCTH) JOMKHa BblpaXkaTbCs Tpa-
JHEHTOM OJHO3HAYHOH CKalsipHOH (PYHKIUH.
310 ecTh HEOGXOAMMOE H JIOCTAaTOYHOE YCJIO-
BHe TOro, 4To0k! CHJa f 6bljla KOHCepBaTHBHOM
{cM. § 29). Takum obpasoMm, 041 pasHosecus
HUOKOCMU HeoOX00UuMo, 4modsL cuA080e noae,
8 KOmopom oHa Haxodumcs, 6bla0 KOHCepsa-
musHbiM. B HeKOHCEPBATHBHBIX CHJIOBBIX IIO-
JfX paBHOBECHE HEBO3MOXKHO.

ITpuMepoM MOMKET CAYXKHTb NPOBOAAMAN KHA-
KOCTb, TIOMellleHHas B MarHHTHOe ToJle, KOrja uepes
Hee IMPOXOAHT 3JMeKTpHueCKH ToK. B 3ToM cayuae
CO CTOPOHBI MArHHTHOTO MOJS Ha XKHAKOCTb JeHCTBYeT 8
cuna f= C[jB], rae B — Hanps)keHHOCTb (TOYHee,
HHLYKUHS) MarHHTHOIO MOJf, j — IUIOTHOCTb TOKa,
a C — uucnennpift xoadduinent, 3naueHue KOTOPOFO
3aBHCHT OT BbiGopa efuHull. [ToMecTHM LHIHHpHYe- Puc. 231
CKHH COCyd C pacTBOPOM  3JCKTPOJHTa  (HAMpH-
Mep, CuSO,) Hag ONHMM H3 MOJIOCOB CHIBHOro 3jiekTpomarnuta (puc. 231). Buoas
OCH WHWJIHH/JPA PACHOJoKeH LHIMHAPHYECKHH MPOBOXHHK. Mexay HHM H OOKOBOH
CTEHKOH COCYZA HAIOMHM JIEKTPHUECKOe HamlpsiKeHHe B HECKOJNbKO BOJbT. B amex-
TPOJIHTE BAOML PAXHYCOB IMIMHAPA ToTeyeT snekTpuueckuit Tok. Chra f = C [jB]
6yHeT HanpasJeHa N[O KacaTeNbHbIM K OKPYXKHOCTAM C leHTpaMu Ha OCH LWAHHApA.
Ona BbI30BET BpAllleHHe XKHAKOCTH BOKPYTI YKasaHHOH ocH. Bpaienue 6y/eT yCKOpATh-
csl 0 Tex MOp, MoKa CHIbl, JAeHCTBYIOLUIHE CO CTOPOHbl MarHHTHOIO NOJS, He YpaB-
HOBECATCS CHJIAMH BHYTPEHHETO H BHEUIHEro TPeHHH,



