dddddddddddddd

Jekmnusa 1
BeKTOpHBIM aHAIU3 U
ypaBHeHuss MaKkcBeJiia




KoopauHaTbl Tena X, CKOPOCTb Tena v, YCKopeHue a, u cuna F-

Fy ABNAKOTCA BEKTOPaMMU, T.e. Be/iIniMNHaMU, nmerouwmmmMun HanpassieHue

(x,¥,2)=(x,,x,,x;)
(Ve v,,1.) = (V,V,,V3)

(a,.a,,a,)=(a,a,,a;)
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= v, |

s < HME

<

=3 “
i y A
F=(F,,F,,F,)=(F,F,,F)




BekTopHOE npon3BeaeHne BEKTOPOB

CKaJIIpHO€ IPOU3BEICHHIE BEKTOPOB A U b -
ITO YHCJI0, 0603Hauaemoe (a, b) u pasunoe |a||b|cos(y),

S
e |a|2=\/a§+a§+a§u|b| =\[b§+b§,+b§,

—

@ —yroaMexay d u b

A
a=(a.a,a,)=(a,a,,a)

b =(b,,b,,b.)=(b,b,,b,)

(a,b) =ab, +ab, +ab.

I :
(a,b)=ab +a,b, +ab, = Z ab.
i=1




BekTopHOE npon3BeaeHne BEKTOPOB

BekTopHO€E IpOU3BEIEHHE BEKTOPOB A U b -
ITO BEKETOP, 0003Ha4aeMblii [d x b], jiMHA KOTOPOIro

paBHa |d||b|sin(¢), a cam BeKTOp nepHeHIUKY/IIPEH IOCKOCTH, B
KOTOPO¥ Jie;kaT BeKkTopa d u b.

3nech |al :\/a§+a§,+a§u|z| =\/b§+b§,+b§,

—

R @ — yroj Mme:xxay @ u b

A
a=(a.a,a,)=(a,a,,a)

b =(b,,b,,b.)=(b,b,,b,)

A
C

[a.b] =(a,b.—ab,.ab,—ab. ab, —ab,)

z7y? x~z°




= BekTopHOe npon3segeHne BEKTOPOB
' A
E] az(ax,ay,az)z(al,az,a3)
— —
b = (bx,by,bz) =(b,,b,,b,)

~[a,b] =(ab.—ab,ab —ab.ab —ab,)

z7y? x“z)

&
g o=

b], = aybz —azby

A
c,=[a,b], =ab —ab,

bl =ab,—apb,




CBONCTBa BEKTOPHOIO U CKansipHOro
npoun3sBegeHnn




IHOeKCcHaa doopma 3anmncu

A

a=(a,a,,a,) b=(b,b,,b,)

g Q
(a,b)=> ayb,

B=1
N N 3 3
L T
p=1 =1
Capy = “Cayp = € pay




JInddepeHnunaabHbIe ONEepamum ¢
BEKTOPHBIMHU (QYHKIIUSIMHU
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JluBepreHime BEKTOpHOTro nojisi a(Xx, t) Ha3pIBaeTCs (QyHKIIHUS
f(x,t) =div(a(x,t)),
BBIUMCIISIEMAas 10 TIPaBUITY:

A
div(zll) =

0 3
oa. N a, N oa, :Zaaa
ox oy 0z S50x°

a(x, 1) = (a,(x,1),a, (X, 1), a5 (X, 1))




Potopom BeKTOpHOro nonda a(x,t) HasbiBaeTcsa BEKTOP-PYHKLMA
c(x,t) = rot(a(x,t)),
BbluMCNAEMAs NO NPaBUAY:

FOI(ZUI) —[V xal,

I I & oa
rOt(a)(x :[VX ]a zzzgaﬁy_;
=1 y=I Ox
rot(g)x:[ng]xziaz—g :
oy oz
I I 0 0
f(a) =[Vxa|] =—a_——a_,
ror(a), = h @Zax Ox =
rot(§)2=[vxg]z=ia g X
ox 7 Oy




I'paguenToM dyHKIMU @(X, t) HA3bIBAETCSI BEKTOPOHOE MOJIe
g(x,t) = Vo(x, t),

BbIYHUCJZICMAs 110 IIPABUJTY.

g_(é(p oQ 8@)

Ox Oy Oz
%9  _99  _09
Ex = ox &y Oy Sz oz

rot(é) =rot(Vp)=0




[1lpocTenLumne cBoUCTBa

div(rot(a)) = div([V xa]) = 0

O’p o ¢
div(Vo) = + +
Vo) Ox” Gyz 0z*

rot(rot(a)) =[V x[V xa]] = Vdiv(a) — Aa
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Teopema OcTporpagckoro-laycca

[div(A)xV = [f| (A,m)do
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Teopema OcTporpagckoro-laycca

[div(A)xV = [f| (A,m)do
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YpaBHenus MakcseJia




/

PORORRUORRROTD

DJIEKTPUYECKHI 3apsij U I10JIe

\




Y710 TAaKOE ImoJie?




[ToTOK 3NEeKTPUYECKOro nons

Yyepes3 3aMKHYTYH NOBEPXHOCTb

jdiv(]w))dV = 47rjpdV = ® (]w),lml)dG =470
V V oV




[lepBoe ypaBHeHne MakcBenna

div(¢E) = div(D) = 47p

E - HanpsKEHHOCTH BJIEKTPUUYECKOIO TI0JIS,
D = €E - uHAYKUUS 3IEKTPUYECKOTO OIS
P — INIOTHOCTBH DJIEKTPUYECKOTO 3apsjia.




TpeTbe ypaBHeHNe MakcBenna
MNn 3akKoH HAYKUnn Gapages




3aKOH coXpaHeHus 3apsiga
yeTBepToe ypaBHeHUe MakcBenna

—div(D) =div| —

[

I
0 GD 4
0 o

div(rot(H)) = 0

oD A X

—=-4xj+c-rot(H

~ ) (H)
%P+ div(i)=0.
Ot




3aKkoH [aycca

1 ypaBHeHne nHaykummn apages

MaTepuanbHble ypaBHEHNS

X X
rot(E) = —lgB
C
div(H) = 0




