JNlekuus Ne 8.

1. NpumeHeHune dopmynebl [laycca-
OcTtporpaackoro.

2. Tpu cbopmynbl 'puHa.

3. OCHOBHaf Teopema BEKTOPHOIO
aHanu3sa. Teopema lenbMronbua.



BbIBOJ YpaBHEHUSI HEPA3PHIBHOCTH.

dopmyna [ 'aycca - OcTporpaackoro

oP 8Q
Gy 82

[ﬂ P dydz + Qdxdz + Rexdy = | j | ( jdxdydz.

T TIIAJKOTO BEKTOpHOTo nond a = (P;O; R)

IpUMET BU; H (a_)- n_jdﬂ = ”j divady

Q=01



B kauectBe npumeHeHust popmyJibl ['aycca - OcTporpaackoro
PacCMOTPHM BBIBOJI OJJTHOTO W3 OCHOBHBIX YPaBHEHUI JIBUKCHUS

KHUIAKOCTHU — YPABGHEHUA Hepa3pbl6HOCmMU

I[TycThb a — 1ose CKOPOCTel ABIKYIIENCS HKUIKOCTH
B HEKOTOpOI obnactu V' ¢ rpanuueit 2 =0V,
[ Ipenmnosoxum, 4TO KUIKOCTh HE UCUE3AET, HE BO3SHUKAET

U SBJIETCS CKMMAEMaEMOid, T.e. €€ IIOTHOCTh p(X, V, Z,1).



BbIsicCHUM, KaK CBA3aHa CKOPOCTh ABUKEHUS )KUIKOCTU
C UBMEHEHUEM MJIOTHOCTH. [[JIsI 3TOr0o NOACYUTAEM ABYMS
crocodaMu u3MeHeHne AJ KonmuecTBa KUIKOCTUBHYTPU

o0béMa 3a BpeMs Af.
([P
O4eBUIHO, YTO AV = At ”j = dV

C apyrouvi CTOpOHBI, U3MEHECHUE KOJIMYECTBA KHUJIKOCTH
BHYTpHU 00BbEMA J paBHO MOTOKY KHUIAKOCTH YEPE3

IIOBEPXHOCTH OV, yMHOKEHHOMY Ha Af, T. €.



AV =-at - ([ (p-ain)dQ,

Q=0V

rie n —HapyKHas HOpManb, a 3HAK MUHYC Oepercs
IIOTOMY, 4YTO €CJIA CKOPOCTh HAITPABJIEHA HAPYXKY, TO
KOJIMYECTBO KUJIKOCTH B 00BEME YMEHBIIACTCA.

CornacHo popmyie I'aycca - OcTporpaackoronmMeeM

AV = At - [[[divip-a)av



CnengoBaTenbHO,

- o [[fdiv(p-Sav =ac - [[[Lav

Otcroa,
”j%—’?dV:— ”jdiv(p-a)dV
Hrak, : :

Ijj(ﬁ—p+dlv(p a)jdV =0, VVcR



Takum obpazom,
op
Ot
_)
I€ O - a—Ha3bIBAIOT INIOTHOCTHIO MOTOKA KUAKOCTH

—+div(p- a) 0,

MTtak, MbI TOJIYUYHJIN YPABHEHHUE, CBI3bIBAKOIIECEMEXKTY
CO00M CKOPOCTh U IJIOTHOCTb JABUXKYILICHCS KUJIKOCTH
IPHU OTCYTCTBUHU UCTOYHUKOB U CTOKOB.

DTO, TaK Ha3bIBAEMOE, YPAGHEHUE HEPA3PbIBHOCHIU.



IlepBas u BTOpast hpopmyJinl I puna.
IlycTh @, — ABE CKaJApHBIC INIAJAKUE PYHKIMN TOYKHU.
CocraBuM BeKTOop a = @ - grady =@ -V .

Torna
diva=(V,p-Vy)=(Vo,Vy)+p -V

N
div g = (Vo,Vy)+¢-Ay =grade-grady + ¢ - Ay



B cuny ¢popmynel 'aycca - OcTporpaackoro:

(] (a-mydQ = [[[divaay

oy
on

B pe3yJILTaTe OJTy4YuM nepeyiro popmyay I’ puna:

ﬂqo ——dQ) = m grado - grady + ¢ - Al//)a’V

Ho a-n =(¢p-grady,n) =¢-(grady,n)=0-



Jpyras 3anuch npe@eapum eavnou popmynel I’ puna:

,”jw Ay dV = HGD —aQ— J_” grado - gradl//)dV

BI)IBGJIGM BTOPYIO (l)opMyny [ 'puHa. I/IMeeM

ﬂgo-%—lZdQ:j”(grad(p-gradw +@-Ay)dV

MeHsg MecTaMU @ U/, TOJIY4YHM:

ﬂl]/ = e J” grady - grade +y - qu)dV



Brlunras U3 epBoro paBeHCcTBa BTOPOE, OIy4aeM
oy op = =
g(wﬁ_w’%]dﬂ_w(q) Ay —y -Ap)dV
Wi, no-npyromy
0 0
Il (o-2y -y -ap)av = ] [¢'—W—w -—¢de

@iy on on
210 émopas popmya I’ puna. n— BEKTOP BHEIIHEN

HOPMAaJIU K KYCOUHO-TJIQJIKOH 1oBepxHOCTH (2 =0V



Nnu ynoOHas 3anuch B popMe onpeaciuTes:

¢ Yy
d(2
llag sl =M joe ov

IIyctb Ap =0,y =1. Torna

o 1
1 8(p
dV = dQd = —dQ =0
2 0 O| Qﬂavg_(p 0 @.an
n

TO OAHO U3 CBOMCTB rapMOHUYECKUX (A = 0) (DyHKLIMH.
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=
Ecimu B nepBoii popmyiie I puHa mojgoxuTh ¢ = Iro

mAde: ﬂ%—‘]’;m

QF =0V

JT10 emg oJIHa oJe3Has popmyna.



[Tonaras B nepBoit popmyne ['puHa ¢ =y, nonydyum

mpemoio popmyay I'puna
2 0
jﬂ{(grad@) +q0-Aqo}dV = @qp -EdQ

Otcroza cieayeT HEpaBeHCTBO

Jﬂ{(p-Aqo}dVS gw-z—ZdQ



Teopema I'eabMroJibia
(0 pa310’KeHNH BEKTOPHOIO M0JIA)

[TpousBoasHOE BeKTOpHOE MoJie A, 3anannoe B R’ Bcerma

MOJKHO IPCACTABHUTb B BUIC CYMMBbI NOMEHYUNTbHO2O

- —
oJ1s Fo/RRHOUOATBHO20 OIS
=
A=P +S.

Tak 4To rot P' =0 u div sz 0.



[Tonoxum, P =grad ®, rne @ — Hekas CKaJsipHas (PyHKIIHS.
Torma aBromarndecku, rot P = rot grad @ =0.

CnenmoBarelbHO, S — grad O.

Tak uto div S = div (A' — grad CI)) = divd — div grad ® = 0.

Ho & oodo -~ - o0

2

er—0o5p (>

= AD

—OIIPEJICTICHHBIA paHee onepamop Jlanaaca



/—\ E———

/
Taxum 00pazoM, AJ1st ONIPEACTICHUS HEU3BECTHOM CKaISIPHOM

¢yakuun @ nonydyaeM auddepeHnmaIbHOE YpaBHEHUE
8 YACMHBIX NPOUIBOOHBIX BMOPO20 NOPAOKA

KOTOPOE BCErJa UMEET PELICHUE, JaKE OECK OHEYHOE MHOXKECTBO)

ﬁ
AD =div 4



= divA4

Mo:KHO IT0Ka3aTh, 4TO CI)(R) =—— J I J ;—ﬁ[a’x dy dz,
r

rae » = (x,y,z)—IepeMEHHBIN paJlyCc-BEKTOP MHTETPUPOBAHH,
B = - .

‘r — R[— PACCTOSIHUE OT TEKYIIEH TOYKH 7 10 TOUYKHU R,

B KOTOPOM OIpeHeIsAeTC cKalsapHoe moie D.

[Ipu ycinoBum, 4To div A CTPEMUTCS K HYJIIO HA OECKOHEYHOCTH.



CIIACHbLO

3A BHUMAHHE
u
HOHUMAHHE !



