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YHHBEPCHTET.

MPUHATBHIE OBO3HAYEHH

OGo3Hauenne KOOPANHAT H eIMHHYHBIX BEKTOPOB
X, ¥, Z — NpAMOYTONbHbIE (nexapTOBBI) KOOPAMHATEL,

X0, V(s Z( — €AMHHYHbIE BEKTOPBI B IeKAPTOBBIX KOOPAHHATEX;

¥, Q2 — WWITHHAPHIECKHE KOOPINHATHI;

F» P s Z0 — SAMHHTHBIE BEKTOPEI B LIANHHAPHICCKHX KOOpIMHATAX;
r,0,¢ — chepruecKue KOOPAHHATEI;

70,60 P — CAMHIIHbIE BEKTOPbI B CHEPHIECKHX KOOPAHHATAX.

CucreMbl koopauHat (puc. 1)
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Puc. 1. CHcTeMbl KOOPAMHAT: a — [eKapToBa, 6 — WMIMHApHHeCckasd, B - ce-
pudeckasn

O6o3Ha4eHNA BEJIHYHH

A — BEKTOpHBIH NOTEHUMAN MO,
B — MarauTHaA HEIYKUus, Ti;
C - anexrpuyeckas eMKOCTb, @;
¢ — ckopocTs ceta (3-10° M/c);

D — snextpiueckoe cmeimenue, Ki/m’;

g= HATPSKEHHOCTh ANEKTPHYECKOTO NoN4, B/wm;
9 — 3JIeKTPOABIKYAs CHia, B;

.\. — gacrora, 'L

H - HaNPHKEHHOCTh MArHUTHOTO MOJIA, Alm;

I — cuna Toka, A;
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S — obbeMHas IIOTHOCTh ToKa, A/M>;

8, — MOBEPXHOCTHAA IIOTHOCTH TOKA, A/M;

i — nuHeHHbIH TOK, A}
L — wnnyxtaBEOCTD, ['H;
M - p3anMHas WHAYKTHBHOCT, T'H;
P — momHocTs, BT;
Q — n06pPOTHOCTS;
p — 0fbeMHan MIOTHOCTb 3apana, Kn/m’;
P — NOBEPXHOCTHAA IUIOTHOCTL 3apAaaa, HQ.‘_;M“
7 — nuHeiHas TIOTHOCTH 3apana, Ki/m;
7 — pamuyc—BEKTOp;
7 — TeKylliee 3HaUEHHE PACCTOAHMSA B CePHICCKOH CHCTEME KOOPAHHAT;
R — anextpuueckoe conpoTueienne, OM;
R, — ynenbHOE TIOBEPXHOCTHOE CONPOTHBIEHHE, Om;
T — nepuon, c;
{ —Bpems, C;
U — a5eKTpryecKOe HANPSKEHHE, PasHOCT NOTEHIWMAN0B, B;
Vj — (pa30Bas CKOPOCTS IEKTPOMATHHTHOH BOJHBI, m/c;
Vp — TPYTITIOBAS CKOPOCT5 3/1EKTPOMATHHT HOIt BOJTHBI, M/C;
W — sneprus, Jix;
Z, — BONHOBOE conpoTusiexue, OM;
Z . — XapaKTePHCTHYECKOE COMPOTHBJEHHE,«OM;
0. — ko3 uUuHEHT 3aTyxXanus, 1/M;
B - xosppuumeHT dassi, 1/m;
0 — yZeNnbHas MPOBOAHMOCTE, CM/M;
£ — IMRIEKTPHIEeCcKad MPOHALIaEMOCTh (oTHOCHTENBHAM);
gy -  Awomextpwdeckas  mocrosmmas  (1/120 c)
107

367
£, — abComoTHAS IMDNEKTPHYECKAs NPOHHLAEMOCTE; D/M;

~8854.107" ~ D/

A — IUTHHA BOJIHBI, M;
Ag — IUTHHA BOJTHbI B BOJIHOBOJIE, M;

2

/4 — MarHMTHAA MPOHMLAEMOCTh (OTHOCHTEIbHAN ),
Ho —MarautHas nocrosunas (120 7/c), Ma/m = 1,2566:10°° I'n/m;
I, — aGCOMOTHAA MArHUTHAS IPOHHIAEMOCTb, ['H/M;
k — xoapdpuumenT pacnpoctpaneHns BoHBI, 1/M;

i - sextop IofiuTuara, Br/M’;

@ — maruuTRbIH noTOK, BE;

¢ — notenunan (ckanApHslit), B;

Y _ marHuTHOE MoTOKOCLEnieHne, BE;

(@ — KpyroBas 4acToTa, paj/c;

R — xoadpuument otpakeHns;

T — xoappuumeHT NpoXoHKACHNS (MPENOMIEHNA).

1. BEKTOPBI
Hekotopsle hopMyibl BeKTOPHOMH aireGpbl
CxanspHoe npoussesenne Bekropos A u B:
AB=ABcosa=AB, + A,B, + 4,8,

rie 0 — Yrojl Mexy HampaBieHHAMH A u B.
BexTtopHOe MPOH3BEAECHHE BEKTOPOB AwBs NekapToBOW cHCTEME
KOOpAHHAT:
|4B|= 4x B =iigABsina =
= moﬁmwmn —4,B))+ Yo(A.B, — A,B,)+ Zg( A B, — 4, By ),

rAe My — eIMHHYHBIH BEKTOD HOPMATH K TUIOCKOCTH BEKTOPOB Awu B,

npuuem A, B u ¥ 00pasyloT «NpaByio TPOHKY» BEKTOPOB.
B kpaTkoii 3anucu

i X0 Yo Zo
Tm =td A, 4]
B, B, B,

BeKkTOpHO€ NPOU3BEIeHHEe HEKOMMY TATHBHO BA|= ..—m_w ;

BeKTOpHO-CKANAPHOE (CMEILIaHHOE) MPON3BENEHHE A, BunC:



AlBe]-|iB

JlpoitHOe mn_,..:,.c_:_n. NpoK3BEAEHHE BEKTOPOB A, BuC

A|Bc | = Blac)-c(4B)

On epauMn BEKTOpPHOIO aHa/IM3a

Jlns MATEMATHYECKOTO OMUCaHusA (PH3HYECKOTO COCTOAHHA TOYEK
MPOCTPAHCTBA BBOAAT MOHATHA CKAIAPHBIX H BEKTOPHbIX nonei.
OnHoll U3 XapAKTEePHCTUK CKAIAPHOTO MoAs () ABIACT

A rpagHeHT

(grad @) — BEKTOp, MOKA3BIBAIOUMH BENMYHHY H HANPABICHHE HaHObICT-
pelilnero BO3pacTaHKA CKAnAPHOro NoJ.

Hanpas/ieHue TpajiielTa BCeraa NepueHAHKyISpHO K SKBUIIOTCHILA-
ANbHON TOBepXHOCTH (IIOBEPXHOCTH PABHOTO YPOBHS) M MapaiienbHo Ka-
{1 NOJIA B IAHHOM TOYKe.

caTelsHOM K CHIIOBOH 11
B nexapToBOil CHCTEME KOOPIMHAT (n.c.k.) (puc. 1, a)
dp - p_. O .
grade =—Xy+— Yo+ =20
ox ay 0z

B umnaapuyeckoii cucTeMe KOOpAHHAT (u.c.k.) (puc. 1, 0)

i
gradp = = .
o rog 0z

B cepuueckoii cucTeMe KoopauHar {¢.c.K.) (pHC. 1, B)

gra __.. =

(3neck «@» B YHCIWTENE ofo3HauaeT MOTEHIMAN, & «(P» B 3HaMEHATele =

YIJIOBYHO KOOPAMHATY B ILC.K. H C.C.K.)
MuddepeHUHATEHBIMU XapaKTepUCTHKAMH BEKTOPHOTO MOJIA A se-
A — nusepredums (div A) v BexTopHas BeNHUH-

NSIOTCH CKanApHas BeJTH

Ha - potop (rot A).
3HaUueHHe AHBEPTEHLHH PAaBHO MIOTHOCTH
e rpocTpat CTEA.

{CTOYHHWKOB paccM aTpH-

BAEMOT0 Mo B 3aaHH0N TO
JIMBEpPTEHIIO BEKTOPHOIO MMOJIA A BBEMHCIAIOT IMYTEM nud pepes=

UMPOBAHHS €ro NPOEKLMIE 10 COOTBETCTBYIOLLHM KOOPAMHATAM.

‘.h_wx,.._?d_vm,...._..“ CHCTEME _TnOO_.uL::.”_m

B nexapToBoii cHCTEMe KOOpAWHAT
=Y. -
oA, OA

divA =

B LIHJIHHPHIECKOH CHCTEME KOO
_ )
divAd =——(rd )+

r }

B chepHUYECKO CHCTEME KOOPINHAT

7o L@ A b ey il ; _
p2lar® "7’ rsing 0p rsing .H._iﬁ.f.u_zq.v __

& O/IHOH XapakTepHCTHKON BEKTOPHOro nons ABjgerca potop. B

rotd=— — —|=

B umn
rotA

B cdepudeckoii cucTeMe Koop JIHHAT

rord=——| ° oldpsing)_aty i b g o))z
rsind | 70 _na rl sind 8 o ; o

L:f @_ SH1[HA :10xwwn»_Hm..I:: ﬂ_rmL_._m.U.H H Wﬁ._f.—.:mud
&:.A_\iv @ divA— A gradg.
..m.—:.a_.\._u_..mz LIHA BEKTOPHOT'O INpOH3BCACHHHA

div|AB|= B rotd - A roiB.
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Ecn  rotA=0, 1o none ABNAETCA NOTEHUHANBHBIM. BekropHoe

none A, yNOBJIETBOPAIOMIEE BO BCEX TOUKaX paccmarpuBaeMoii obnacTu

yenosmo divA =0, Ha3bIBaeTCA CONCHOMIANBHBIM.

COOTBETCTRYIONMMA HHTErPATbHBIMH XapaKTEPHCTHKAMH BEKTOP-
HOTO TONA ABJNAIOTCA NOTOK BEKTOPa 4epe3 3aMKHYTYH0 MOBEPXHOCTL H
LMPKYAAIMSA BSKTOPA MO KOHTYPY.

IMoTokoM BekTopa A CKBO3b 3aMKHYTYIO TIOBEPXHOCTD S HazpiBaet-

ca uuterpan sana [l = @.\w ds.
S
[{upkysiauneii Bektopa A no 3aMKHYTOMY KOHTYPY L nezasucumo

oT ﬁﬂwﬂxﬁﬂﬁca CMBICTA _wmxc—.n_ﬁm \m Ha3LIBACTCA Szﬂoqﬁm.: BHOA
= m_. Adl.
£
[MoTok ¥ UMPKYJALMS — BETHYHHBL CKanspHbie. B 4acTHOM Ciry4ae,

KOTJIA BEKTOP A HMEET CMbICI BEKTOPA CHJIb, YKa3aHHBIH HHTerpan Bbipa-

xaeT paboTy CUABI 10 KOHTYPY L.

JnddepeHianbHbe OTIEPALIH CO CKATAPHBIMH H BEKTOPHBIMH T10-
nAMA YAOGHO 3aMUCHIBATH C MMOMOMUIBIO oneparopa I'amunbrona V . [pu-
MEHWTENLHO K cKanspHoMy romo V¢ = grad@ , OTHOCHTENLHO BEKTOPHO-

ro nonst VA = divA, —ﬂm_ng&. Potop rpamsenta [V(Ve)]=0. Jiu-

BEpreHuus poTopa id..m_n 0.
W3 audipepeHIHAIBHEIX Onepauyii BTOPOro nopsaka B 3/MeKTPOAH-
HAMMKe YacTo Mcronb3yercs oneparop Jlamaca A . Jlis CKanApHOTO MOJA

Ap =V =div gradp, ans BEKTOPHOTO nons

vid= grad divA —rot rotA.
Oneparop Jlariaca B pa3/iAHbIX KOOPAHHATHBIX CHCTEMAX 3AIHCLI-

BaeTCA C/IeIYHUIAM 00pasoM.
B nexaproBoii CHCTEME:!

oo o &
Vig="2+ P+ 2
x: 9 oz

B LMJIHHAPHUYECKOH cHcTeMe KOOpAHHAT:

18( dp), 100 0o
ror\ or) r*op’ oz
B ceprdeckoil cucTeMe KOOpAHHAT:
1 8 ; 2
qweut1®~m|j+~l~ihﬁmsmwﬁ+41_~].@|@
or) rcsin@ 90 99) r°sin“0 o¢
I'paduriecku BEKTOPHbIE 10/ M300PAKAOT C MOMOLIBIO CHIIOBBIX
nuEAi. B Kaxaoi Touke CHIOBOH JIMHMM BEKTOP MO/A KacareleH K Hei.
['ycToTa CHIOBBLIX JIMHHI COOTBETCTBYET WHTEHCHBHOCTH TIOA. HOudde-

peHIMANEHOE YPaBHEHUE CHJIOBBIX JHHHIA B AEeKApTOBOH CHCTEME KOODIH-
HAT UMeeT BHL:

dx dy dz
A, 4, 4,
JU1s pelueHns 3aiay BEKTODHOrO aHaiM3a 4acto ObiBaeT yno0HO

5 7 04
nonb3oBaTkea Gopmynoit I'puna &. ddl = =L~ a4, Tq&u
ox Oy
L h
TeopeMoii CTokca @. Adl = ._...d&.nm 4
L 8
teopeMoii Octporpanckoro — ['aycca n._. Ads = _.&?mmc.
N 4

3apnayn
1.1. M306pasute Ha KOOPAWHATHOH ILUIOCKOCTH XOY Bekrtop

A =23, -6¥,.
12. T[lokasats, wuto Bextops A=4%)—-2J9—Zp M

B =Xy +4yy —4Z( oproronansHsl. HalTi uX CyMMy H pasHOCTb.

1.3. Haifth cyMMy W pasHOCTh JBYX BEKTOPOB A v B. Tokasats,

4To ITH BEKTOPBI OPTOrOHATBHBI, A=4%y +2yy —22);

B=2%y-5yp— 2.
1.4. 3anaus exropsl A =2%g+4yg; B=06yy—4z;. Halitu Han-
MEHBIIHAHN yros Mexty HHMH.
Vkazanue: 1) yepe3 BeKTOPHOE NPOH3BEICHHE,
2) uepe3 CKAIAPHOE MPOH3BEJICHHE.
1.5. Hajitn ckanspHoe, BEKTOPHOE MPOW3BEACHHA H YTroll MEXIY




pextopamn A n B: A =2Xp—-3)0; B=-2%—3¥-
1.6. Haift ypaBHeHHE JIMHHM YDOBHA, npoxonsmei 4epes TOUKY
3 2
M(2; -1) s ckansproro nons f(x,y) =4x" —)".

- P X
1.7. Haiftin ypaBHEHIie CHIOBOH IMHHH BEKTOPA = Mac + Mu\o :

- Y- X
1.8. Haiiti ypaBHeRHe CHIOBOH JIMHHH BEKTOPA A= !M.ﬂa ¥ M Yo -

I'paduenm @ynxyuu

2 2
_.w.mmw.:_aph:ami_oé:::gﬁeu x? + ¥y 4zT.

1

1.10. 3apan noteHuHAN @ = —F= . Haiitu rpagueHT 510~

X ku N
ro notenuHaia. Onpeneauts GopMy SKBUNOTEHIHATLHLIX MOBEPXHOCTEH.
2
1.11. 3anaHo CKaiuApHOZ  TONE ﬂnuau.ﬂocmmlmn . Haiitn
grad .
=7x3y%sinz—3z>. Haiitu
1.12. 3aiaHo ckangpHoe noge @=7x y SMz—3Z".
grad .
1.13. 3apan moTeHUMAl anwluu. Haiitn grad ¢ B TO4Ke

M(2,7; 2; 2).
1.14. Haiith rpajMeHT CKaNApHOro MPOH3IBE[EHHA BCKTOPOB

A=3%g+45g-SZgnF=x-Fp+y Jo+z'Zo.
1.15. Hakti HaubGonbluylo CKOPOCTh M3IMEHEHMA MO, 3a/1aHHOTO

¢dynkupedt @ = 2P h:.“w +92% —1, B Touke M(1; -1; 0,5).
1.16. Haiiti HanGOMBIIYIO CKOPOCTh H3MEHEHMS (O, 3alaHHOTO

dyHkumeH @ = = P«uw +522 +3, B Touxe M(-1; 0,5 -1).
1.17. Haiitn HauGOABIIYIO CKOpPOCTh P3MEHEHHA 10N, 33a1aHHOTO

¢dyaxmei @ uu...&w .z%_ B rouke M(1; 1; 1)-

[ueepeenyus 6¢KmMOPa

e x5
1.18. 3apaso noJyie BeKTOpa A=x"Xg+y+2:Yo+Xxy-zy. Haiiru

divA .
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1.19. 3anano none sexropa A = Hmw.o + ?.Emmc + mfuwmuum@.

Haitti divA B Touke (2; 1; 1),
1.20. B obnacty 3ra4ennit 0 < r < 2 UWIHHAPHIECKOH CHCTEMBI KO-

OpAMHAT BEKTOP \mHTwl_+Nm-a_$+£.-_m-u.¥vn? a npu r > 2

- (2,057\. i
A=|=—"— |F. . Haittn divA B3THx o6nacTsx.
r

—_ “ e a — —_
1.21. 3amano none Bektopa A4 =5x“| sin tmlu 0 - Halttu div4d B
Touke X = 1,
1.22. B nMnMHApHUECKoii CHCTEME KOOP/IMHAT 3aaHo MoJle BEeKTopa
A=rsing- -7+ 2 cos@- @ +2r- mauum.u . HaiiTi 1uBepreHumio Bexro-

= 1
pa A B TOYKE Iwmwc
i)
1.23. B cipepudeckoit cucTeme KOOpPAMHAT 3afdaHo Molie BeKTopa
= e} Q% = 3 : " -
A=-—=5in@ 1y +r-ctgd- Gy +rsinfcos - @y. Haittn divA4 .

w.m

1.24. 3amano none sextopa A =e ' (cos x- ¥y —sin x- o). Haittn

divA .
G 2 V2. —

1.25. 3anano none Bektopa A =|x" + ~ vu Xo. Haitru div4d B
Touke (2; 2; 0),

1.26. B umnunapHyeckolf cHCTEME KOOPIMHAT 3a[aHO BEKTOPHOE
nose A =rsing-7y+2rcosg- g + mnmmﬁ. . Haitrn divA .

1.27. B unnnHaputeckoif ccTeMe KOOPIHHAT 3aaHO TOME BEKTO-

 J =
pa mugmmnu%.ﬂc +w.®c+Emo. Hatiru divd A e Touke
r
(2; ; 5).
1.28. 3agaHo BeKTOpHOE TIOJIE
A Himw.w + ._o @.a ~r’p-sin@- @,. Hatiru divA .
r siné

1.29. 3anano sektophoe nose A =55ind -6 + 5sin @ @p. Haiiti
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divA s Touke meM“M

1.30. Zanano moje BEKTOpA A= mu.ﬂmo +2c0s y- o +2sinz-Zp.
Haitru divA s touke (0; 0; 0).

1.31. 3apano moje BEKTOpa A= ﬁwx + %w Wo + T |wu Wo . Haiitu
divA .

1.32. 3anaHo nose BeKTOpa A=2x-y-Xg+z-Yp+V'Z
m divA BTouke (2; -1; 3).

1.33. Jamano mojie BEKTOpA A=4x-y-3p~ H.wu‘wo +5sinz-zg.

Mmc . Haii-

Hairi divA B touke (2; 2; 0).
1.34. B uMaMHAPHIECKOH cHCTEME KOOPIHHAT 3a1aHO mosie BEKTOpa

A=2rcos? oy +3r2sinz-@o+ 4zsin’® @-Z. Hattru divA .

1.35. B IMIMHAPHHECKON CHCTEME KOOPAMHAT 3a1aH0 noJie BEKTopa
A= @c\www + mm|MNMc . Haiiti divA 8 Touke (2; ¢; 1).

1.36. 3agano moje BEKTOpa A=10F +5sinf- %c. Haitti divA .

1.37. 3anaHo rofe BeKTopa A=r-fy- r2ctg@-Gy. Haittu divA .

. 2
- [ 10sin”8 | Ry
1.38. 3azano mone Bextopa A= T 7. Haiin divAd B
T
Touke | 25—;—
42
4=r2sin@ 1 +_uﬁ.% +2r-@g.
1.39. 3amaso none mextopa A =r"smno:1o 0 0
Haittn divA .
1.40. B 067acTH I < 2 UATHAAPHIECKOH cHCTEMBbl KOOPIIMHAT BEKTOP

2 v 3\, .
A= _ow+w mtwa_usﬂvm., A= 128 I - Haiitn div4d B obenx

obnactax . e :
|41, OnpefenuTs AWBEPreHLIIO BEKTOPHOTO Nonis 4, umerowero

B ciepuaeckol ccTeMe  KOOpAHHAT (GAMHCTBEHHYIO  COCTABNAIOLIYIO

11

-10
Ag=8re """, A4,=0; A4,=0.

1.42. Haiftw  guMBepreHiHi0  BEKTOpa B=Ar O - (-

mnmum=+hwwo+xnm? xni\a~+wu+mu.

1.43. B UWIMHIDHYECKON  CHCTeME  KOOPAHHAT  BEKTOP

— u —
A= H.Mh: 7. . Haittu divA .

Ilomox eexmopa
1.44. Tlomcumrars notok Bexropa A=X-y-Xg+2y-Yo—2'Z

CKBO3b MOBEPXHOCTH C(hepsl X2+ wm +22=9.

Yka3auue: HCONB30BaTh CHepHIECKY0 CHCTEMY KOOPAMHAT.

= 3.
1.45. TloxcuuTaTs MOTOK BekTopa A= —5 7y CKBO3b chepHYECKYHO
r
MOBEPXHOCTB PAAMYCOM ' = @ C LIEHTPOM B Ha4ale KOOpHHAT.
1.46. INopcunTars TOTOK pajiyca-BeKTopa

F=x-Xg+y:Pg+2Zp CKBO3b NONHYIO NOBEPXHOCTb MPAMOTO KPyIiIo-
IO LMIHHAPA PATUYCOM @, BBICOTOI A. YOeANTLCA B CNPABETHBOCTH TEO-
pemsbi OcTporpazckoro — I'aycea.

3
= 0x |-
1.47. 3anaH Bektop A= : M X . Halitu moTok 3TOro BeKTOpd

gepes MOBEPXHOCTD xy6a c pebpom 2 M (-1=x <1); 1=y £1); (122 <1).
VGeauTHCS B CTIPABEUTHBOCTH TeopeMbl OCTPOrpanckoro — lNaycca.

1.48. Haiftu noTok sextopa A =30e™"Fy — 22+ Z( ckBO3b NIOBEpX-

HOCTb MPAMOrO KPYIJIOTO LMIIHHIPA paaHycoM F = 2M, BLICOTOH 1 = 5 M.
VGeMTHCA B CTIPaBe/THBOCTH TeopeMbl OCTPOrpazckoro — ['aycca.
= "5 L

1.49. nx mona D = |&|wo OLEHHTH PE3YJIbTATHI BbiYHCICHHH NpH
HCTIONBG30BAHMH JIGBOH W TpaBoii yacTedl TeOpeMbl OcTporpalckoro
06beMa, 3aKIIOYEHHOTO MEXKAY ABYMSA ClepiiecKumu TIOBEPXHOCTAMH pa-
maycamu: = 1372 = 2

. SR
1.50. Haitru roTok Bektopa A = |M|3 CKBO3b MOBEPXHOCTH KOHY-
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ca, pa3Mephl KOTOPOro yKa3aHs! Ha puc., 1.1,
1.51. Hcnonesya Teopemy Octporpaackoro — aycca, HalTH MOTOK

3
- 10r .
sektopa A= 2 ¥y CKBO3b [OBEPXHOCTH, OFPAHHYEHHYIO KOOPAHHATAMH
r=2:21=0; zo= 10 wanHHapHYECKOH cHCTEMBI KOOpanHaT (puc. 1.2).
Z
A
||z
— ”J-JJ.\. 1
¥
X
Puc. 1.1 Puc.1.2

3 2 - 2:.2.5-

1.52. 3anan Bexrop A = amaa +Ak.w¢ Yo +24x"y“z 2. Beiuuc-
JATH NOTOK 3TOr0 BEKTOPA ¥epe3 MOBEpPXHOCTh Kyba ¢ peGpoM, pasHbIM
eNMHMIE [UTHHBI, W BEPUIHHOA B HaYaie KOOpAMHAT. BRIMUCIMB HHTErpan
.T?man roe V — obbem xyba, yGeauThcg B CIpaBeUIMBOCTH TEOPEMBI
4
Octporpaackoro — 'aycca.

1.53. 3anan ektop B = rot A. Haiitn notok 31010 BEKTOpa uepes

2 2 2 5e B2
noeepxHocTh cepet X~ +V +2° =4 .
1.54. TloncuMTaTh NOTOK pagMyca BEKTOpa CKBO3b CEpHHIECKYyIO
TMOBEPXHOCTH PAXHYCOM @ C LIEHTPOM B Hauale KOOpAHHAT.

Huprynayua aexmopd

= L R
1.55. Haiitu umpky1ammio Bekropa A= I.Mao +M Yo MO OKpYX-

PR UL
HOCTH X~ + )y~ =a".
1.56. BLMHMCAATL HMAPKY/IAUMIO pajdyca-BeKTOpa Mo OKPYXKHOCTH

J
H»+&m =a2.
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1.57. HaiTH UOMpKYNAUHIO BEKTOpa
A =X-Xg +hmu.wo +&Nm.m_.‘.._ no koHtypy L
(puc. 1.3).

1.58. 3anan sekrop MHNSQQ. Boruiic-
JIHTE UMPKYJISAUMIO 3TOTO BEKTOPA MO OKPYKHO-
et x2 +wm P

1.59. [MoxcuuTaTh LUHPKYISALHIO BeKTOpa
A= Aw. - an.mo + Aa +3y+ Nvuz\.o +(5x+ Evm....c Mo NepHMETPY
TpeyrosbHika abe ¢ koopauHatamu Bepmuk a(1,0,0), 5(0,0,1), ¢(0,1,0).

Pomop eexmopa
1.60. Haiitn potop eextopa A = x - % .T«mn.mo_ +y%z -Zg.
1.61. 3anano sekroproe nione A = (y-cos ax)zy + C\ +e” \Wc. Haii-
™ rot A s Ha4ane KQOPIHHAT,
1.62. 3agano BEKTOPHOE nosne
A= (cosx-sin y)¥; + (sin x - cos ¥)¥o . Haifru rot 4.
1.63. B umnnHapudeckoit cucTeMe KOOPAMHAT 3amaH  BEKTOp

mnmm:mﬂ@o. Haiitn rot A B Touxe w“mwow.

1.64. 3amano BekToproe mome A=>5¢”’ cosg fp —Scos@-Z.
3z

Haiitu rot A ® Touke quwc

.65. B cdepuueckoii cucteme KOOPAMHAT 3ajaH  BEKTOP
A=8re” 1V .%o. Haiitn rot A.
1.66. B chepuueckoit cucremMe KOOPAMHAT 3ajaH  BEKTOP

A=10sin@- ;. Haitru rot A B Touxe m“muo .
1.67. B cdepuueckoif cucTeME KOOPAWHAT 3aNaH  BEKTOP
A=2,5-8y +5@,. Haitru rot A 8 Touxe NMB

1.68. B uminHapHYecKOH CHCTEME KOODIAMHAT 3alaH BEKTOP
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A =Srsing- Z . Haiitu rot A B TouKe Amwﬁow L

1.69. Iokasatb, 4T0 roO! w.orw = mq.a& div 7 vZ4. Jins poxasa-
TeNbCTBA MCMOJNTB30BATh thopmy i BEKTOPHOM anreOpsl
lax B ¢||-5(ac)-clab )= %mi&w

1.70. 3amau Bextop B =rol A . HaifTh noTOK 3TOr0 BEKTOpa HEpe3

noBEepXHOCTH Cepsl x?+ u_w +22 = a’.
1.71. Onpenenus poTop BEKTOpa
A= AH - wuvmo + ? +3y+2z)p + (5x+ y)ég, HaliTH  ero  TOTOK

'_._SSDW yepe3 MOBEPXHOCTB, OMUPAIOLIYIOCH Ha Tpeyromsunk abe ¢

S
KOOpAWHATaMH BEPIIHH a(l,0,0), b, 0, 1), ¢(0, 1, 0).
1.72. B cdeprueckof CHCTEME KOOpAMHAT 33JaHO BEKTOPHOS rone

. siné 3 -
geoag 1+ 6. [oxasars, uro rof A= 0.
3 3
r
1.73. B UMIMHAPUYECKON CHUCTEME KOOpAMHAT 3aJaH BEKTOP

A

I

A= mwﬁm - @ - Haiitn rot A B TouKe o,mumwc.m

1.74. B cdepuueckoi ~ CHCTEME KOOpAMHAT  BEKTOP

A =sin e.@}mm:m.ﬁc.:mﬁ: rot A Brouke HM.B

2. OCHOBHBIE XAPAKTEPUCTHKH
JIEKTPOMATHHATHOI'O MOJIA:
3APAIBL, IEKTPUYECKHE TOKH, BEKTOPBI

INeKTPOMArHUTHOE MoJe — IT0 ocoObili BHA MaTepud, CriocoOHbIH
pacTpoCTPAHATLCA B BAKYYME CO CKOpOCTBIO CBETa H OKa3bIBAIOLIHH CHIIO-
poe BO3jeiicTBHE HA 3APAKCHHBIC yacruikl. OHO NpeacTaBiiaeT cobo#
@IMHCTBO JIBYX COCTABJIAIOLIMX — 3eKTPHYECKOro W MarHuTHOTO noJiei.
OCHOBHEIMY XapaKTEPHCTHKAMH 3NIeKTPOMATHHTHOTO T10J1A ABJIAIOTCA 3apA-
J1, 2NEKTPUIECKAEC TOKH, BEKTOPBI MO

15
3apsbl

3apasl MOTYT GbITh pacrpeseieHbl 10 oOBeMY, O MOBEPXHOCTH H
no suTH., OGBLeMHOe pacripelieieHHe 3apAaa0B XapakTepHiyeTcs 06BbeMHOH

ol
mioTHoeTRIO P = lim A0 qum. PazmepHOCTb Tu_n Kn/m?>.

AV—0AV AV
IToHBii 3apaj, COCPeAOTOYEHHbIH B 00BeMe V. Q= ...b& V.
V

IToBEPXHOCTHOE PAcTIpe/ie/ieHHe 3apANOB XapaKTepH3yeTCs NOBEpX-

HOCTHOH TwIOTHOCTBIO 3apaza pPg = lim a0 mﬁu. PasmepHOCTD
As—0 As  ds

[p]= Km?.

TMonuwiii 3apan nosepxHoctn O = ..‘hm ds.

S
CBs3b MeXIy TIOBEPXHOCTHOH H 00BEMHOMN MIIOTHOCTAMH 3apAI0B

Ps=P dh,
rie dh — ToNmMHA CI0A 3apAKEHHON MOBEPXHOCTH.
JluHeitHoe pacrpe/ie/ieBHe 3apsloB XapaKTepH3YeTCA JHeHHOH

MIOTHOCTHIO 3apanoB 7 = lim AQ = WN Pa3MepHOCTb TT Kn/m.
Al-0 Al dl
| Monusii 3apan uure Q= |vdl.
L

IMonmbiif 3apsaa cCHCTEMb! TOYEUHBIX 3aPANOB PABEH HX CyMME
n
Q= M,. i
i=1

DNeKTpHUecKHEe TOKH

JlBiiyLuuecs 3apsast 06pasyoT snexktpudeckuif Tok. Cuna Toka

. AQ dQ
I= lim —==-—=. PaamMepro FpA

At—0 At dt prsers 7]

Inement Toxa dj =dQV ,rae V — BEKTOp CKOPOCTH ABIWKEHUA 3a-

psaaa.

PasnMua0T HECKONbKO BHAOB pacmpeiencHus TokoB. OGbemHoe
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pacnpe,Ie/leHHE TOKA XapaKTepPH3YeTCA BEKTOPOM O0DBEMHOI TNNOTHOCTH

s ARt L o DY i =
TOKa O nm,s“[. = %c = w; Vv = pV. PasMepHOCTS T._H A2,
Cuna ToKa, NPOTeKaoLIeTo Yepe3 HeKOTOPYIO MOBEPXHOCTh S, = ._.w. ds.

by
:m._.q—um:w.:ﬂ:!m BEKTOpAa O CoOBMajaer ¢ HarpasjieHUeM OBIDKEHHA MOJIOMKH-
TelbHBIX 3apAa0B.
ﬁcwmﬁxm—on.—.tcm pacnpefcNicHHE TOKa XapakTepH3yeTCH BEKTOPOM Mo~

= d] A s .

BEPXHOCTHOM IUIOTHOCTH TOKa Oy =——=——V = V=pev. Pas-

MEPHOCTE —%LH A/M.
Cuna Toka, TEKYLIEro o MOBEPXHOCTH

(puc. 2.1), I = ._.%....mm, rae | — nuuus, nep-

L
% &, NeHAMKYIAPHAA K THHHAM TOKa, TEKYILero no
TOBEPXHOCTH.
LS o [
JIvHefiHslfi TOK | =——=——V =T7TV.
. d dl
Prc. 2.1 PasmepHOCTH EH A.

Cuna TOKa, TEKyLICro No HHTH, paBHA MO BEAWYHHE JIHHEHHOH
IUIOTHOCTH ToKa: [ =7V,
BekTopel noas

NeKTpOMArHUTHOS MoJie ONpelesieHo, eciii B KaXJ/0# To4ke mpo-
CTPAHCTBA H3BECTHBI BEIMUMHL W HANPABJICHHS JeThIPeX BekTopoB: £ —
HANPAKEHHOCTH JNEKTPHIECKOro nojs, DD — 3MeKTPHYECKOro CMeIeHH!s

(uanykumn), H — HanpmKEeHHOCTH MarHWTHOro nonds, B — MarHuTHOf
HHIYKLIHH,
Bekropet D w H ssnsores GyHKUHAMH TONBKO UCTOYHKHKOB 11O

H HE 3ABHCAT OT MapameTpoB cpelbl £,, M, . Bektopet £ u B xapakrepn-
3YI0T CHUTY, C KOTOPO# nonia AeHcTBYIOT Ha 3apaibl. OHM 3aBHCAT OT napa-

METPOB Cpelbl: E Hmh B nhnm . KonuvecrBeHHas XapakTepHCTHKA

Ea

3/IEKTPHYECKOTro MO/ IKCNEPHMEHTATBHO YCTaHOBNEeHa 3akoHoM KyroHa,
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onpeaenAoIEM CHTY B3aHMOIEHCTBHS MEXIY TOHCHHBIMM 3apsAIaMH, Ha-

.&9 ag, ..

XONAIOMMHCA B OIHOPOJHOH cpepe: dF = 5%, TIE 1y — eauHWY-
4ne,r

HBI} BEKTOP, HANpaBieHHLIH OT NEPBOTO 3apsia KO BTOPOMY; dF - cuna,
REHCTBYIOMAA €O CTOPOHBI 3apaia dgy Ha 3apan dqa; I — paccToAHME Mex-
ny 3apalamu; £, — abCOMOTHA JUINIEKTPHYECKAs NPOHHLAEMOCTE CPEMbI;
Eq = €0 €, TIE &) — AMDNEKTPHYECKAA NPOHULIASBMOCTE BAKYYMA; & — OTHO-
CHTeIbHAA [HIICKTPHYECKas NpoHHuaeMocts cpebl. Koapduuuent £ no-
Ka3bIBaeT, BO CKOJIBKO pa3 CHJIa B3AHMOACHCTBHA MEXIY 3apsiaMi B JaH-
HOIl cpesie MeHblle, YeM B BAKYyME.

HanpsoxkeHHOCTB 3MIEKTPHYECKOTO 0 PaBHa CHile, ¢ KOTOPOI rose

JeHCTBYeT Ha e JMHHYHLIH NONOKUTENLHBIN TOYSHHEIH 3apan, BHECEHHbIH B
ANEKTPHYECKOE M10.1€,

Pa3MepHOCTE HANPAXEeHHOCTH Tm._ = TJ_ e = kB = W
ﬂ Kn:m Knm ™
HanpskeHHOCT N0A TOYeHHOrO 3apsaga dE = RO, L3

_10.
&Hmn...m

B kaxno#i Touke npocTparcTea Bektop £ noas TouewHoro 3apaga
HANpaBlieH MO NpAMOii, coeAuHsIoNMIeH 3apsa ¢ Toukoi Habmoaenns. 'pa-
(udecKH NMEKTPHUECKOE M0N1e H306PAKAIOT ¢ MOMOILBIO CHIOBBIX JHHHIA,
IyCTOTA KOTOPbIX MPONOPLHOHATBEHA HANPKEHHOCTH MOMA.

Pa3MepHOCTS BEKTOPa 3JIEKTPHYECKOrO CMEILEHMS T&H Kn/m2,

EfvBuLEa H3MepeHHa MarduTHOW MHAYKLMK E.._u B6/M2 = Th.
PasmepHOCTb  BEKTOpa  HANpPAKEHHOCTH  MArHWTHOrD  monA

Bl A
_”m Tﬁuiﬂ 3necy py — abcomoTHAd MarHHTHAsS NPOHHUAEMOCTh
M
a

Cpensl; [, = MH[g, roe [ — OTHOCHTENbHAN MarHMTHas NMPOHHUHEMOCTh
Ccpe/bl, MOKAa3LIBAOLAA, BO CKONBKO pa3 cuna BiauMoelicTeus MEKIY TO-
KaMH B JaHHOH cpene bonbiue, ueM B BaKYyME, Lo — MarHMTHasa MpoOHH=-
HaeMoCTh BaKyyma.

Cuna p3aumoeiicTeus MEHKAY NMPOBOAHHKAMH ¢ TOKAMH YCTAH2B/TH-
BaeTCsA 3aKOHOM Amnepa:

dFa= Mool
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rae dFjp — cuia, AeHCTBYIOWAA CO CTOPOHBI IEMEHTA TOKA dj; wa sne-

MeHT Toka d jo 3 7' — pacCTORHHE MEXKIY HIEMEHTAMH TOKa.

OAWHAKOBO HAIpPAaBJIEHHBIE 3JIEMCHTBI TOKA TIPUTATHBAKOTCA, a Ha-
npaBleHHBIE B MPOTHBOTIONOKHBIE CTOPOHBI — OTTA/IKHBAKOTCA.

A 5
i CooTtHowmenne dB = Ha
dB 4ar

3paxue 3akoHa buo - Casapa.

dj "% Bekrop MarHMTHOH HHAYKLIHAH B no senwuume
paBeH CHie, HeHCTBYIOWEH Ha eIMHUYHBIH 37e-
— MEHT TOKa, 4 ero HanpaBleHHEe MEepPreHAHKYIAPHO
K 9TOii cuie | aneMeHTy Toka (puc. 2.2). BekTopsl

B, dj w 1y opasyior npaByio TPOHKY BEKTOPOB.

5 TL..."MG_ HOCHT Ha-

Puc. 2.2

3apayn
m_ Illap pamuycoM @ 3apaXeH C o6beMHOH  [UIOTHOCTBIO

p= hoimE ) —m._.qz _ Haiirn monuwiii 3apsn mapa Q.

u.m. Hurs nmuoil /, nanpasneHHas BAONb OCH X, 3apsOKEHa € 0T

HOCTBIO T = T()COS 7 v |. Beuncanrs nonmsii sapan uwutu O npu [ =
a
=a/4; a/2; 2a.
2.3. lllap paauycom @ 3apskeH ¢ 00beMHOH
z
r
Yo [IOTHOCTBIO 0 = P, —COSH . BLIUMCIHTE TONHBIH
= a
3apsan wapa Q.
2.4. Cepa pannycoM @, 3apikeHHas ¢ IIIOT-
5 HOCTBIO P = Po sind E:\z_m_ BpAlL@eTcs CO CKO-
POCTHIO (0 BOKPYT OCH, TIPOXOJISILEH Hepes ee USHTP.
BLI4HC/NTE MOBEPXHOCTHYIO MIOTHOCTh TOKA H MOJ-
Puc. 2.3 mb1it Tok [ Ha ee nosepxHocty (puC. 2.3).
2.5. LlWTMHAp PamMycoM @, BeICOTOH /1, 3apAiKeHHbIH C MIOTHOCTHIO

2
Ps = Po M.M T..izm_, BpAIIAETCA BOKPYT OCH Z CO CKOPOCTHIO (0. Biuuc-
a

JIUTH CHITY TOKA Ha G0KOBO# MOBEPXHOCTH LHIHHAPA.

e e

1
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2.6. Berauennte cuiy B3aMMOIEHCTBHA HAa €OWHHILY [UTHHBI ABYX
napauienbHbIX GeckoHeYHBIX HHMTEll, PABHOMEPHO 3apsDKEHHbIX C JHHeH-

HO# TIOTHOCTHIO T| M T2 H PAacrioNOXEeHHbIX Ha paccTosHiH d B OJHOPO-

HOIi cpejie ¢ AHAIEKTPHYIECKOi NPOHMLIAEMOCTBIO £(.

2.7. Dnekrpon c¢ zapsgom e = —1,6-10"° K u maccoit m =
=9,11-10"%* r, netsmuit B0nL 0cH Z co ckopocTsio v = 107 M/c, nonazgaer B
30HY, IJle OHOBPEMEHHO CYUIECTBYIOT JNEKTPHIECKOE W MArHHTHOE NOJA

E=EZ3;E, =10"B/™; B=B,j,; B, =4-107 B6/u”. Onpene-

X
JIHTh HAnpasjicHHE H BEJHYHHY CH/bl, BO3JEHCTBYIOUEH HA 3NEKTPOH, H
ero yCKOpEHHe.

2.8, BeckoHeWHO TOHKHHA JHCK PagHycoM d, z
®
3apKeHHBIl C IUIOTHOCTBIO O = bcl_mh?_ %.
a
BpALIAETCA BOKPYr OCH CO CKOPOCThIO . Berumc- a
JIHTh NOBEPXHOCTHYIO TUIOTHOCTE TOKA Og W NONHBIH
Tok / Ha noBepXxHOCTH Ancka (pHc. 2.4). Puc. 2.4

2.9. Cpasaurs dFyy u dFy; mm cnenyiomux komGHHawmii sne-

MEHTOB TOKOB (pHc. 2.5).
VYka3anue: HCMONb30BaTh (GopMylty mnﬁﬁumon anrebpbl wia ABOi-

HOT'O BEKTOPHOTO NMPOM3BEACHUA _.a X T X n= .m_ Aa,w v

m—&w._ H 4] 73 7+

)
14 Y
7 |d, #

Puc. 2.5

2.10. OnpeaenuTs CHIY B3aWMOACHCTBHA HA COHHHUY UTHHBI ABYX
GeckoHeUHBIX NapauIeNbHBIX MPOBO/OB ¢ Tokamu /) = 2A u [ = 5A, npo-
TEKAOWMMH B OIHOM HanpasiaeHud. [TpoBona HaxoudaTcs B BO3AYXe Ha
paccrosHuu 10 cm.

2.11. Tlo kpyrioMy UHIHHAPHYECKOMY MPOBOJAHHKY IWAMETPOM
4 mm npotekaer Tok [ cunoit 2 A. Tlposoa BeiNONHEH #3 meau (0 =
= 5,7-10" Cm/m). OnpeeniTs TAHTEHIMANBHYIO COCTABIAIOULYIO BeKTOpa
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HANPAXKEHHOCTH TEKTPHIECKOrO MONA HA NOBEPXHOCTH MPOBOJHNKA.
2.12. Kpyraslii AucK pannycoM a = 4 M 3apsKkeH ¢ MoBepXHOCTHOH
sin? ol. .2
IIOTHOCTBIO Py = ——— Ki/m“ |. Haiiti nonHeiil 3apsan JucKa.
2r
2.13. Haifru nosssiii 3apan, HaXOAAIIMics Mexny aByms cdepamu
| M <r<2 M, ecii o6beMHad TUIOTHOCTD 3apsfia B cepuieckoii cuereMe
5 cos?
2 [Knne? .
r
2.14. Haiiti monHelif TOK, Tekymai o UWIHHAPHYECKOMY MPOBOA-

HUKY paguycoM d = MM, eciM oOBeMHads TUIOTHOCTE TOKa

KOOp/IMHAT p =

(3% ]

3
= _ MWEE 2
d=—2Zp |AM~ |
r
2.15. HaliTi nonssiit TOK, MPOTEKarOULHH depe3 MUIOIANAKY, Jiexka-
/4 n
HIyHo B TUIOCKOCTH X = 0 4 orpaHHYEHHYK 3HAa4YCHHAMH }M Sy¥s M 2]

—-0,01 M<z<0,01 ™, ecru 5 =100-cos2y-Xg _.23”_.
2.16. TlocTpouTs CyMMapHblif BEKTOp Ha-
2 Ax,y) TPSKEHHOCTH 3NEKTPHIECKOrO Mos Es B Touke

nadmonenna A(x, y), colgaHHbili 3apaiamu ¢ =
q =2 Kn,¢>= -1 K1, HaxoaAlHMACA Ha OIMHAKO-
Puc. 2.6 BOM PACCTOSHHM OT TOYKH HaGmonenus (pHc. 2.6).

2.17. Haiitn HanpaxeHHOCTh 3JIEKTPHHECKOro nons E (momynb u
nanpasnesue) 8 rouke (0, 3, 4) JAexapToBOif CHCTEMbI KOOPAWHAT, CO3/1aH~
HYIO ToYeuHbiM 3apazoM ¢ = 0,5 MkKi, pacnonoxeHHbIM B Hauasie xoop-
[HHAT.

2.18. 3apan ¢ = 210" K paBHOMepHO pacnpeiesien Mo TOHKOMY
cTepikHi0. ONpENeTHTh HANPAKCHHOCTE IEKTPHYECKOTO Mo B TOYKE,
oTCTOSILEH OT KOHIOB CTepikEs Ha paccrosnun R = 20 cM, a OT CepeluHbl

CTEpKHA — Ha pacCTOfHAH Ry = 15 ¢M. Eg = £0.
2.19. B unaMHAPHIECKOM MPOBO/IHHKE paiHycoM 2 MM obbemHan
moHoeTs Toka & =10 mLo?mo ?_,Zw._. HaiiTi nonHbiil TOK B MPOBOA-

HHKe.
2.20. Jlpa sapana B BAKyyMe B3aMMOJEHCTBYIOT Ha pacCTOAHHH
11 oM ¢ TaKoil ske CHION, KaK B ckunuaape Ha pacctosHuy 7,4 cM. Onpene-

JIHTH OTHOCHTENBHYIO U3MEKTPHIECKYIO MPOHULIAEMOCTh CKHITHAAPA (Ecx)-
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2.21. 3apagm g = SO0 MxKn H g2 = 10 MxKn pacrionoieHsl B
toukax (-1, 1,-3) u (3, 1,0) COOTBETCTBEHHO. Jlu3neKTpHiecKkas NPOHHK-
paemocts €, = €0 . Haifu cuy, AeficTBYIOUyio Ha 2

3apsf ¢ CO CTOPOHBI 3apAna §2.
2.22. HalitH culy B3aHMOAEHCTBHA MEAILY

sapasama g = 20 MmxkKn n g2 = —300 MxKx, pacrio- ey

Z

nowennsME B Toukax (0, 1, 2) u (2, 0, 0) cooTBeTcT- x. .
BeHHO (pHc. 2.7). JinanexTpHueckas NPOHHLAEMOCTE Puc. 2.7
E4=€0-

223, HaliTy HanpsHKeHHOCTh INCKTPHYECKOro Mmond E B TOuKke
(0, 0, 5) (puc. 2.8), co3nanHy0 3apanamMu q, =(,35 mkKn, pacnonoxeH-
HbiM B Touke (0, 4,0), u g2 = -0,55 Miki1, pacroNOKEHHBIM B TOHYKE

(3,0,0).
2.24. Ha puc 2.9 noka3saub! 1Be Napauien-Heie BeckoHeUYHbIE 3apA-

JKeHEbIe ¢ JuHeliHol rutoTHOCTHIO T = 4 NKi/M HWTH, PACMONOKEHHBIE
BIONh OCH z B TWIOCKOCTH X = 0 Ha paccTosHMM ) = = 4 m. Haiiti Hanps-

serrocTs ons E B Touke P (4,0, 2) M.
2.25. BulBecTH BLIPAKEHHZ I HANPAKCHHOCTH CKTPHUECKOrO

nons E B Touke P HA OCH Z, CO3MAHHOTO fecKOHeuYHOH MIOCKOCTLIO X0V,
3apsOKEHHOH PaBHOMEFHO C roBepXHOCTHOH mnoTHoeThi0 O (puc. 2.10).

IlnanekTpudeckas MPOHHLAEMOCTh CPELbl £q = £0-

Puc. 2.8 Puc. 2.9 Puc, 2.10

2.26. [lsa OAMHAKOBBIX 3aPANA, HAXO/AIIHECH HA MaNeHbKHX LIapH-
Kax, OTCTOSIIMX APYr OT ApYrd Ha pacCTOAHHH 10 cm, B3auUMOJEHCTBYIOT B
po3nyxe ¢ cunoi F = 5:107* H. OnpeesnTs BETHUHHBI 3apALOB.

2.27. Toueunsiii 3apan ¢, = 300 MxKn, HaxoafuwMica B TOHKE (1,-1,
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-3), meicTByeT ¢ CHIOl M...“ =8xy —8yy +4zg H na Toueunsiii 3apan g2,

HaxoaAuMiics B Touke (3, -3, 2). €4 = &). Haiitn 3apan g>.

2.28. Haiitn HanpseHHOCTb JdNEKTpHYe-
ckoro nons £ B Touke P Ha ocH KpYIJIOro JIMCKa
pamMycoM ¥ = d, PaBHOMEDHO 3apsyKeHHOro ¢
NOBEpPXHOCTHO# ToTHOCTRIO PO, (puc. 2.11).

2.29. ToueuHsie 3apambl g = 250 MxKn u
g2 = —-300 mxKn pacnonoxensl B Toukax (5, 0, 0)
M ¥ (0, 0, -5) M cooTBercTBeHHo. Haiftn cuy,

Puc. 2.11 AelicTBYIOLLYIO Ha 3apAA §2.

2.30. Toyeunsie 3apsasl g, = 30 MxKn »n g, = —100 mxKn pacnono-
weHbl B Toukax (2, 0, 5) M u (-1, 0, -2) M coorBercTBeHHO. HaitTh cuiy,
JNeACTBYIOLIYI) Ha 3apai q.

2.31. B cBoBGoaHoM npocTpaHcTee B obnact F < @ chepHueckoi
CHCTEMB! KOODAHHAT H3BECTHO IEKTPHYECKOE IIONe HAMPMKEHHOCTBIO

- _H- ==
E= ,.Q|ﬁc. Mpunse r = b < @, y6euTHCR B CNPABEUTHBOCTH TEOPEMBI

3g,
Ocrporpaackoro — ["aycca. .
2.32. lilap pamaycoM r = 2 M 3apskeH ¢ 00beMHOH IUIOTHOCTBIO
200 =~
P=E———7 vikKn/m®, Haiitu notok %U&w CKBO3b C()epHYECKHE Mo~
r

BepXHOCTH pazuycamu » = 1 m; r =4 m; 7= 100 m.
3. CHCTEMA YPABHEHUM MAKCBEJIJTA

Knaccuaeckas TeOpHs 3/1€KTPOMAarHeTH3Ma OCHOBBLIBAETCS HA ypas-
HeHnAX Makcpenna, spasonmxces of6obuieHHeM OfNBITHBIX JaHHBIX, MOJy-
YEHHBIX NMPH H3YYEHHUH JIEKTPOMATHUTHBIX ABIEHHHA.

Iepeoe ypaBHenne Makcsesnia — 0606uenne 3aK0OHA MOJIHOTO TOKA

LIMpKy/AUMA BEKTOpa HANPAKEHHOCTH MArHHTHOrO MOJA H mo
3aMKHYTOMY KOHTYPY L pasna monHoMy TOKy, IpoTeKaiolieMy €Gepes fo-
BEPXHOCTB 15, OrPAHHHYEHHYIO KOHTYPOM L (puc. 3.1):

23

- - ;[ Yo A ds
{Hadl = ?%JI [Dds + [5mas,
1
L s s s
rae %. — obpeMHad TWIOTHOCTE TOKA NpoBOAHMO- L
CTH;
o3k — 00beMHas IUIOTHOCTE CTOPOHHErO
TOKa; dl
> Puc. 3.1

D — BekTOp 3MEKTPHYECKOTO CMEILEHHA.
JAnddepenumansHas opma 3aIMCH 3TOTO YPaBHEHHA UMEET BHIL

o & [
rotH H%+.®|+«M§.
T
D =
rae 3 =0, — 0OBEMHAN MIOTHOCTH TOKA CMEILIeHNA.
oD
H3meHeHHe 31eKTPHYECKOrO MO BO BPEMEHH Tm:.u MPHBOAHT K
s

TOSABJIEHHIO MATHATHOTO NoJA B mpocTpanctse ( rof H ).

BBeieHue TOKa CMEIleHHs CBA3AI0 ypaBHeHHs Makcsesia B cHCTe-
My, pellleHHeM KOTOpOil B oGleM ciyyae SBJISETCS 3EKTPOMATHATHAN
BOJTHA.

Bropoe ypaBHenue Makcseana —
o6o0IeHHe 3aK0HA 31eKTPOMATHHTHOH HHAYKUHH Papajen

LIMpKy LM BEKTOPa HANPAKEHHOCTH dexTpiyeckoro nos E no
JAMKHYTOMY KOHTYpY L paBHa CKOPOCTH M3MEHEHHS MArHATHOrO MoToKa

@, p3sT0# C OGPATHEIM IHAKOM: %M_p:ﬂ = lam%u = lm Bds.
L 5

-

[pu W3MeHeHUH MarHuTHON MuAykuMd B wiu gedopMaunu u ne-
peMelLeHIH TPOBOAALIEro KOHTYpa L 8 nem Bosuuxaer DJIC HHIYKIUHH.
Huddepenunansaas  GopMa  3anMCH  3TOr0  YypaBHEHHA
= OB 0B
rot E = —— . UaMeHeHHe MarHHTHOTO M0/ BO BpeMeHN ( — ) Bbi3biBa-

ot ot

€T noABAeHHe BUXPEBOTO HMEKTPHUECKOro nos B npoctpanctse (ol E).
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Tperse ypasuenne Maxcaesia —
TeopeMa 0 NOTOKE BEKTOPa JIeKTPHYECKOll HHAYKIHH (CMelIeHns)

TloTOK BEKTOpA DIEKTPHIESCKOTO CMELICHHA D ckBO3b 3aMKHYTYHO

MOBEPXHOCTB S paBeH NOMHOMY 3apsaay 0, naxonmsmemycsi B 00BEME v,
OrpaHHIeHHOM MOBEPXHOCTHIO S (puc. 3.2):

{Dds = [pav=0,
Y v
rae p — obbeMHas TUIOTHOCTh 3apAia;
ds
Puc. 3.2 ds — BHEUIHSAS HOPMAJh K MOBEPXHOCTH.

Jinbdepenumanshas Gopma 3amUCH TOr0 ypaBHEHHA divD = p .
MCTOMHHKOM CHIOBBIX JTHHWI INEKTPHYECKOTO NOMA ABAAIOTCH MNEKTpHHe-
CKHE 2apsaIbl.

Yeraeproe ypasHenne Makesenna — )
32KOH HENpPepPLIBHOCTH MATHHTHOTO NOJIA h

IToTOK BEKTOpPa MAarHMTHOMN ::nwﬁ::. B uepe3 3aMKHYTYiO MO-
BEPXHOCTb S PABEH HY.HO! m_.mn.,m =),
§
B mddeperunansyoit popme divB=0. B npupoje HET MArHuT-

HBIX 3apf10B, KOTOPbIC ABNAAHCH Obl HCTOYHHKAMH WIH CTOKaMH CHJIOBBIX
JTMHWA MATHUTHOTO MONA, NMO3TOMY MArHUTHBIC CH/IOBBIE TMHHH MOJIA BCE-

r/1a 3aMKHYTBI.
3 nepBoro W TPETEEro ypaBHeHHH Makcaenna BHITEKACT JAKOH CO-
2 0 O\
XpaHeHus 3apajsa m_. ods = ~5 ._.\un? ann [ = 1% . Munyc obozHaua-
8
S v

€T, 4TO MpH BHITEKAHWH TOKA W3 06beMa 2apil B NOCHeHEM YMEHBIIACTCA.
Maddepenunarpuas  Gopma  3amMcH  3TOrO YPaBHEHMS:
. = 0
divd = ILN.
ot

MarepuanbHbie YPaBHEHHA! D= &4 mu B= \:nm«.
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O6obuennprii 3akon Oma: & n,u._.m”.+ m,nav_ rjie O — yaelbHas

NPOBOANMOCTE CPe/ibl.
Jagaun

3.1. Onpenenuth UAPKYIALHIO BEKTOPA H no KOHTYPY C KOOp/IH-
Hatamu (0,0); (0,1); (1,1); (1,0), ecin MANOTHOCTL TOKA MPOBOAMMOCTH
= - XV . 1)
=08 ~% 0p L nmockoctn XOY; nnoTHOCTS TOKa CMemeHHs Wﬁw =0.

a ot

3.2. OnpenennTe UHPKYIALMIO BEKTOPa H no KOHTYpY (cm. 3.1),

ecny 00beMHAsl MIOTHOCThL TOKa MPOBOIUMOCTH %DH O' 4 BEKTOp 3JIeK-

tpiaeckoro ememenns D = Dyy(sinxt)/ x; Dy L nrockoctn XOY.

3.3. KBanpaTHas pamMka co CTOpOHOF @ = | M HAaXOOWTCA B Moje
H = Hysin@! . MarauTHas NpoOHALAEMOCTS CPEabl L, = U , TUIOCKOCTh

paMKH :mﬂ:mz.mx@wumumm x H. Onpepenuts 23/1C, HABOAUMYIO B PAMEE.

3.4. Jlavo E = E,Xy. Jlokasats, 4T0 115 EPEMEHHbIX BO BPEMEHH
:wamx:m cn:cuon—mcm M30TPOMHO# cpesie Oe3 cBODOIHBIX TOKOB H 3apaaoB
E | H.Cuuras & =0,z , nokasars, 4To Hl6.

3.5. TlpoBoauuk mnuHOH [ ABHMKETCA @ @ Q Q

CO CKOPOCTHIO V' B PABHOMEPHOM MAarHHTHOM ﬁﬂ}. 5

none, HANpPAKEHHOCTs KOTOporo pasHa 7, Q @ @ Q
nepecekas CHJIOBLIE JHHHM MOd YIJIOM O. s
Borancnute 3C MeXmy KOHUAMH MpPOBOA- ﬂ Ho * Wﬁﬁ *
HuKa (puc. 3.3).

3.6. BBIYHC/IATE HANPSDKEHHOCTh Mar- Puc. 3.3
HUTHOTO nois H Ha paccTosHuM ¥ OT NPAMOIHHEHOro GECKOHEYHOTo
MPOBOAHHKA ¢ TOKOM /.

3.7. TInacTHHEI TUIOCKOTO KOHJEHCATOPa, NOAKIIIOYEHHOrO K HCTOY-
nuky DAC U =const , coamxkaloTes o CKOPOCTHIO V. BRIYHCIHTS nioT-
HOCTbH TOKA CMELICHUS U BEIMYHHY TOKA BO HHEIIHEH uenu, ecny miowans
INacTHH S, a pacCTOAHMe MEKIY MuacTHHaMu npu ! = 0 paeHO dj.
£, = & . Kpaesoii 3¢ dext He yuuTHIBaATE.

3.8. HekoTopoe Teno C AHIIEKTPHHECKOH NMPOHUIEEMOCTHIO £, H
NPOBOAHMOCTBIO 0 B HAYANBHBIA MOMEHT BPEMEHH 3apaixeHo ¢ obbeMHOH
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[IOTHOCTBIO p = po. OMnpeaennTs, 32 KaKoe BpeMs BO BHYTpeHHel 4acTH
Tena 0OBEMHAs TUIOTHOCTH 3apsfa p yMeHbluntcs Basoe. Hapywaertcs v

3aKOH coOXpaHeHus 3apana?

3.9. B ogHOpOJHOM MarHMTHOM [IONie C

@
‘ HanpsokenHoctelo A (pue. 3.4) Bpaumaercs

npAMOYrofbHas  paMka €O CKOPOCTBIO
@ =27n . [lnausl CTOPOH @ W b, 9HCIO BHTKOB

N, MaruuTHas NPOHHLIEAEMOCTh CPelbl L, = i,
a n — 4ucio 0OOpOTOB B CEKyHY. BBIYHCIHTE
Puc. 3.4 3]IC B pamke.
3.10. 3apgano none D:
ki nmpu0<r<a
D= @
k—F npua<r<o,
F
rue F — pammyc-sextop. Haiitu pacnpenenenue 3apaaos, 00pa3oBaBuinX
TaKOe IoJie.

3.11. B Hexoropo# 06/1acTH € [IM3JIEKTPUYECKOH NMPOHHIAEMOCTEIO
£( 3amaHo moxne E= »Tumo - .u‘u.v.qo v BuiugcanTh 06beMHYIO TUIOTHOCTE
3apA/ad.

3.12. B nposoasueii cpeje ¢ npoBoAMMOCTbIO 0 = 8 Cm/M mocToAH-

ubili TOK cosaer marmmthoe nose H =2y-¥g—6x-Yg. Onpenenuts

IMEKTPHYECKOE Tosie E B cpeze.
3.13. B cB0o0OJHOM MPOCTPAHCTBE ?.? tcv 3/1eKTPOMArHUTHOE M0-

Jle 3A1AHO CBOMMH COCTABNSIOWHMH E nm.umdﬁm? H = b«omd._ﬁuma.
m,.._

INpH Kkakux 3HAYEHMAX kK W —>— ITO TONE YAOBAETBOPACT ypPaBHCHHAM
H,
Maxkceea?

3.14. CamoNeT JeTHT FOPH3OHTAIBHO CO CKOpocThio v = 200 m/c.
BLIYHC/IATE PAa3HOCTH MOTEHIMANIOB MEXIy KOHLAMH KpBUIbEB, €C/H pac-
cTosHMe MeXay HUMH 30 M, @ BEPTHKAIbHAA COCTABAIOWAd HANPAKEHHO-
cru MaraurHoro nons 3eman Hy= 0.02 A/m.

3.15. Ipu kakoif 4acTOTe OTHOIIEHHE TUIOTHOCTEH TOKOB CMELICHHA

# npoBoxHMOcTH B MeH (a = 5,7-107 Cw/m, &, = £;) Gyzer TakuM xe,

i
W
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kax u B cyxoii mouse (g, = 10 Cm/M, &, = 2&)) na uacrore f= 10’ I'u?
3.16. Ilo GeckoHedHOMY NpPAMONHHEHHO-

My TPOBOJHHKY MpOTEKaeT MOCTOAHHBIH TOK /.

IMnockas pamka pasmepamu a u b (puc. 3.5) yna- o

JIAETCH OT [POBOJHHKA CO CKOPOCTHIO V. Bbi-

aucnth JJIC B pamke, ecliv 4HCIIO BUTKOB B HEll

pasHo N, HauampHoe paccTosHWe 7, a mapa- b

v
" 5
a

MeTphI Cpebl £, A . Puc. 3.5

3.17. Onpenenuts 9acToTy f{, MPA KOTOPOiA aMNIMTY /bl 00BEMHOMH
[UIOTHOCTH TOKa CMEIIEH s H TUVIOTHOCTH TOKa MpoBOAMMOCTH OyayT pas-

uel; 1) cpena — mens (0 = 5,7-107 Cm/m, £ = 1); 2) cpena — Mopckas Boja
(6,=4 Cm/m, & = 80). .

3.18. BLIYHCAWTE, HA KAKOH 4acToTe MIOTHOCTH TOKOB CMELIEHHA H
NPOBOMMOCTH Gy AyT ONHHAKOBLIMH B CPElE C 0 = 107 Cm/m, £, =3¢ .

3.19. TIlo mpaMonuHEHHOMY TpPOBOJHMKY MpPOTEKaeT  TOK
I =Iycoswt (puc. 3.6). Buumcnure D/IC, HaBEACHHYIO B paMke, co-
crosmed w3 10 Butkos, ecnd = 0,5M; @=5cm; b =10 cm; Ip=1A;
w=10"1/c; p, =Ho.

3.20. MeTautHuecKHii CTepKeHb ATHHON / Bpauiaercs ¢ yrioBoi

CKOPOCTBIO () B OJIHOPOJHOM MAarHHTHOM ToOJe B . Beuucnuts 3]IC B
crepxHe (puc. 3.7).

a

Puc. 3.6 Puc. 3.7
3.21. IToka3sars, 9TO YpaBHeHHE HEMPEPLIBHOCTH TOKA (3aKOH COXpa-
HeHMs 3apA/a) BhITEKaeT W3 MEPBOTO M TPeThero ypaBHeHuH Makceeiia
NPH YCI0BHH, YTO O,y = 0.
3.22. OnpegenuTs CHIY TOKa CMEILEHHA MEXIy KBAaJIPaTHBIMH MJa-
CTHHAMM BO3NYLIHOTO KOHIGHCATOPA CO CTOPOHOW 5 CM, ec/lH HanpmkeH-




28

HOCTh JNEKTPHYECKOTO MONs B HEM H3MEHAETCS CO  CKOPOCTBIO
4,52+10° B/mc. KpaeBoit 3(dexT He yuHTHIBATS.

3.23. BHyTpH WAIHHAPIECKOTO NPOBOHNKA panuycom ro = 107 u

4 r
o Ll . r b, Vs
maruuTHoe none H = rl-_ —5 sinar —-—cosar (pg (A/M), rne g=—.
[ f \a a Ma
Haiitu camy TOKa B MPOBOOHHKE.
3.24, MaruutHoe rone GecCKOHeYHOro MpAMOIIHHEHHOro NMPOBOAHK-
Ka ¢ Tokom [ pagnycom a.

HW.H Ir

L A.
S @p npu r < a;
na

H n%,.c npu 7 = a.
2xr

Haiity 06beMHyI0 MIOTHOCTE TOKa O B 06enx obnacTax.

3.25. o MeaHOMY NPOBOMHHKY (0y = 5,7-107 CM/M) IHamMeTpoM

2 MM npoTexaeT MOCTOSHHBIA TOK chiloi 7,5 A. OnpenenuTs KacaTenbHyio

COCTABJIIONIYIO BEKTOPA HAMPAKEHHOCTH 3JEKTPUHECKOro INoJiA Ha no-
BEPXHOCTH MPOBOJA.

3.26. B 0OHOPOMHOM MOCTOAHHOM MArHHTHOM rione ¢ MHAYKUMEH

B = 5:10° T Bpamaercs BHTOK nposoaa paauycom @ = 0,2 M ¢ yriioBoit

ckopoctsio 50 06/c. ConpoTHBiieHHe BATKA R =5 Om. Ocb BpalieHHs nep-

neHAnKyJspHa K Bekropy B . Haiftn mMakcumanbsHOe 3HAUEHHE TOKA B BHT-

K€ W BBIPA3UThH 3aBHCHMOCTh TOKA OT BPEMEHH.

._.+ — P 3.27. Beumcmats JIC B yaansiomecs

15¢em CO CKOPOCTHIO V = 5 M/C OT MPAMOJHHEHHOro

; 8 cM  GeckoneuHoro nposoanuka ¢ TokoM I = 100 A

pamke pasmepamu 10 cM*8 CM B TOT MOMEHT,

10 eM KO/ OHA HAXOMMTCA HA PACCTOAHHM 15 CM OT
NpoBOAHHKA (pHC. 3.8).
Puc. 3.8 3.28. B obnactu 3Hauenu# 0 < r <2 un-

NHHApHAYEcKOl CHCTEMBI KOOPHHAT 3alaHo MONe BEKTOPA 3/EKTPHIECKOro

CMeleHHs UH?wL % > il +a...‘m.o,m~v..|.? a B obnacty r > 2

amnox
b nmh: mqw_.c .:E&.:omfazmwsHqumoo._.rumunE_momnﬁcauwn..
r

TAX.
3.29. Haiitn DJIC, HaBOJHMYIO B NPOBOMAALIEM CTEPXKHE, MBHKY-
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meMmcs B MOCTOSHHOM MarHuTHoM nione B=0,04yy T

co cKkopocThio V = 2,5sin 10%¢- Zo . Jmana crepkns [ =
= 0,2 M (puc. 3.9).

3.30. Ilone BexTOpa 3MEKTPHUYECKOTO CMElUEHHA
B cheprueckoii cHCTEME KOOPAHHAT 38/1aHO BRIPAXEHN-
em D= ﬁ—_ - m?@ +2r+2r° vTo . Hairru ofbem-

r Puc. 3.9

HYIO TUIOTHOCTB 3apAfa p, CO3JlaBlIero AaHHOoe foe.

3.31. B cpene ¢ napametpaMu @ = 5 CM/M H & = | HanpsKeHHOCTH
anextpudeckoro nons £ = 250 sin10" ¢ B/m. HaliTu IIOTHOCTH TOKOB
NPOBOANMOCTH 1 CMEIIEHHA M 9acTOTY, Ha KOTOPOii OHH PaBHBbI.

4. TPAHUYHBIE YCIIOBHA

T'pannyHbie ycnoBHA — 310 (opma ypasHeHuid Makcsenia juia To-
yeK, MPHHALIEKAIIMX TPAHHYHOK MOBEPXHOCTH, B KOTOPBIX NapaMeTphl
Cpe/ibl MEHAIOTCA CKAYKOM WIH CYUIECTBYIOT MO3EPXHOCTHbIE TOKH JIHGO
3apabl. B 3THX Toukax ypasHeHHs Maxcseiia B magdepenunanbHOM
dopme TEpAIOT CMBICH M JOJDKHBI GBITH JOTIOJHEHB! YCTIOBHAMH, OTpee-
NSIONIHMHY ITOBEIeHHe BEKTOPOB MOJIA NPH Tepexojie Yepe3 rpaHuily cpel.

I'paHHYHblE YCJIOBHA MOMYHAlOTCA W3 MHTETPAdbHBIX YPasHEHHH
MakcBelLia ¢ HCoIb30BaHHeM TMpe/IeNbHBIX nepexoaoB. Hexons w3 nepso-
ro ypaBHeHHs MakcBesa, ONPENENAIOINErO UHPKYISUHIO HANPAKEHHOCTH
MarHHTHOrO MOJIf:

@.mim = ._.w%Tmr._.m&, @.1
L h o Ay

MOJTY4al0T TPAaHHYHBIE YCIIOBHA U KACATENbHLIX COCTABIAIOLINX EEKTOpA
H:

To?: |m~v_umu win Hy—Hpy = _mh .me_, (4.2)
rie 7y — eAMHHYHBIA BEKTOP HOPMAIH K MOBEPXHOCTH pa3jena, Hanpas-
JIeHHBIH B MEPBYIO Cpey.

JTO 03HAYAET, UTO PasHOCTE MENKAY KacaTeIbHBIMH COCTABNAIOLIH-
MH BEKTOpa .muu.-ﬂ Ha rpaHHUe pasjiena cpel pasHa MOBEPXHOCTHOMY TOKY.
[Mpu OTCYTCTBHH NOC/IEAHEr0

Hy=Hp, 4.3)
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T.€. COCTABJIAIOIIHE HEMPEPEIBHBL.
Hcxons u3 BTOporo ypasHerua Makcse/iia, onpeensiomero uuap-
Ky LM HAMPHKEHHOCTH EKTPHYECKOro nofs:

=|m1
%M&~ Htihw.&m. 3.3
i ot s

MO/y4aloT PaHMYHbIe YCJIOBHA NS KACATENBHBIX COCTABISIOLIHX HAMps-
JEHHOCTH 3JIEKTPHIECKOr0 NOJif:

Toﬁm._ - M.L_Ho ww £, = m..& ; (4.5)

KOTOphIE Ha TPaHALIE Pa3fieNa Cpe/l HenpepPbiBHbL.
Tpetse ypaBHeHne Makcpenna, onpejensiomee MOTOK BEKTOpa

ANEKTPHYECKOr0 CMEIIeHHA:

{Dds = [pav, (4.6)
S v

N03BOAET TOMYYHTh TPAHHYHBIE YCJIOBHS /U HOPMAIbHBIX KOMITOHEHT
Bekropa D :
mcf_u_ Ibu_vu D5 wit Dy —Dyp = ps . (4.7)
AHaJOrMYHO M3 YETBEPTOro ypaBHeHHA MakcBenia O TMOTOKE BEK-
Topa MarHATHOH HHIYKIHK
m_. Bds =0 * (4.8)
b
MOJYYAIOTCS TPAHWYHBIE YCNOBHA U HOPMAJIbHBIX COCTAB/IAIOIIHX BEKTO-
pa B:
MQALW_ 7 Wmvu 0 wnu m__i = LW;N . H&ov
3anncaHHLIe BbIMIE TPAHHYHLIE YCJIOBHA ABIAOTCA OCHOBHBIMH, OHH
NOJMYYAOTCA HEMOCPEACTBEHHO M3 ypasHeHuii Makcsesna. I'paHu9HBIE

yenosus s cocrasnsiomux My, E,, By u D; nomyuaior, HCNONb3ys co-
otHowenns (4.2), (4.5), (4.7), (4.9) v maTepuaibHble YPABHEHHA COCTOA-
RS CPe/ibl TIPH OTCYTCTBHH TIOBEPXHOCTHBIX TOKOB WJIH 38pA/10B:

D=s,E, B=p,H (4.10)

3apaun
4.1. Mo rpanMue pa3sziena cpell NPOTEKAET TOX O, . B nepsoii cpene
mm_ =0 . OnpeaennTh MarHHTHOE None BO BTOPOit cpene BO6NU3K NoBepX-

HOCTH.
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4.2, Mo naockoH MOBEPXHOCTH pa3jieia MeTaI-IHATeKTPHK Te4eT

TMOBEPXHOCTHBINA TOK Jy =—) X + X Yo . HalTi ypaBHeHHE CHIOBBIX JIK-

uwii sexropa H, . iy
43. V e 5
MOBEPXHOCTH pa3jiena JBYX a B

cpell 3a1aH0 3HaueHNe BexTopa By Lm.m_ n &1, 14

a3). Onpenenmuts Bextop B y noBEpXHO- €2,/

CTH B _._GUEO_H cpene NpH YCJIOBHH, MTO MO- B nu..

BEpXHOCTHBI# TOK oTcytcreyer, Og =0

(puc. 4.1).

4.4. Y NOBEpXHOCTH pa3jieia IBYX g

cpenl 3a1aHo 3Hadenue BekTopa Eo ﬁ_m‘wi " y
@y .m\,—

Puc. 4.1

7). OnpenenuTs BEKTOP M_ y TMOBEPXHO- £ M
CTH B MEPBOH cpeje, €Cly HA rpaHulie pas- &y, m
E, ko

lena OTCYTCTBYIOT cBoOOAHBIE 3apAabl

(pg = 0) (puc. 4.2). Puc. 4.2
4.5. Cpensbl pasneneHsl 3apsHkeHHOH NOBEPXHOCTHIO, H B ONHOH M3
HUX TIoJle oTcyTeTByeT. KakoBo aiekTpudeckoe noje B Apyroi cpese, eciu

MOBEPXHOCTHAS MUIOTHOCTS 3apajia g, @ AHIIEKTPHUECKasn POHULAEMOCTE
BTOpOIi cpelsl £27
4.6. Ha xaxom pucyHke (puc. 4.3, a, 0, B) u300pakeHbl CHIOBBIE JTH~
HUHM TEKTPHYECKOrO MOJA, MArHUTHOIO MOJA, €CH BTOpaA cpeja - ie-
aNbHbINA TTPOBOAHAK?
h \
2 A P4 ey
a 6 B
Puc. 4.3
4.7. ¥V nOBEPXHOCTH HISATLHOrO [POBOJIHHKE, coBnajaoe c
miockocteio XOY, 3anan snexrpudeckuii notenunan ¢ = -Az . Onpene-
JHTh NMOBEPXHOCTHYIO MUIOTHOCTH 3apAja, €C/Id Cpea Hall TPOBOAHHKOM —

BAKYYM.
4.8, OnpejennTs, N0 KAKOMY 3aKOHY MPEJIOMISIOTCA CHIOBBIC JH-
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HuW BekTOpa B npu mepexorne Wi Cpelibl ¢ NapaMeTpamMu &g, Ly B cpemy €
napameTpaMu &g, M, - l0ka3ats, 4TO CUIOBLIC NTHHHH Ha BXO/ie ¥ BBIXOJE
IoCcKorapauIesibHol MiacTHHL! NapaieabHbl (puc. 4.4).

4.9, Cpenpl pasmuyaloTCsi MArHHTHBIMH MPOHHLACMOCTAMH (pwc.
4.5). Kaxaa u3 cpea umeer GOabIIyl0 MariuTHYIo MPOHHLIAEMOCTE, €CIIH
CHIOBBIE JIHHAHK HWIYT, KaK IOKa3aHo Ha pHC. 4.5?
a

mﬁ.rn.ﬂﬁi&_w\émw
9.9572%
F B

2
X KL 52K

€0s Ho

@
Puc. 4.4 Puc. 4.5
4,10. Cpensl ¢ TuIockod rpaHulied pasfena pasivdaloTes OH3JIEK-

TPHYECKHMHU NPORULIAEMOCTAMHU. YT0J IPENOMICHHA (@) = /2 (puc. 4.6).
Kakoe COOTHOMWIEHH!E MPH ITOM JOIDKHO BBITIONHATECA MEXAY E41 ¥ €42 ?

4.11. Y NOBEpXHOCTH WIECANLHOTO MPOBOJHMKA B TIOCKOCTH XOY
3a[aHO MArHUTHOE ToJjie H= 3y9 A/ (puc. 4.7). Yemy paseH TOK, Mpo-
Texalowmi no yyactky nosepxuocti XOY B BWjie JeHTH, pacnoioKeHHo
no ocu X, mupuHa kotopoit [ = 0,2 m?

Ry
Pk
= 1
h....u &gl
2 a2
Puc. 4.6 Puc.4.7

4.12. OnpeneuTL HANPAKEHHOCTh JICKTPHYECKOro NONA  Ha pac-
cTosHMd K oOT BGecKoHeuHOil 3apikeHHOH IUIOCKOCTH. [lnoTHOCTE MO-

BEPXHOCTHOTO 3apaia Jg-

4.13. Tlokasars, 4TO HA MOBEPXHOCTH pa3sjiesia JABYX MPOBOAHHKOB
lgay O
£ HI:_.. rae aj,
igay O3

0 — YrABI MEKTY TMHAAMMU TOKA M HOPMANBIO K MOBEPXHOCTH pasjena My,

JIAHHH TOKA HCMNEITBIBAKOT %G.JGZ._.S::& Mo 3aKoHY
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a 0], 02 — NPOBOJIMMOCTH CPell.
[Moxa3aTh, 47O HA MOBEPXHOCTH pa3sjie/ia ABYX AMIIEKTPHKOB MHHHHA
- tga &
BekTopa [) MpesoMIIRIOTCA 110 3aKOHY L) ML
igay; £
4.14. Tlo 6eckoneunoit mnockoctn XOY TedeT TOK ¢ MIOTHOCTBIO
8, =0, J,. Cuntas niockocth GECKOHEUHO TOHKOM, ONpPEeAeaHTh Hanps-

JKEHHOCTH MATHATHOTO MO1A B TOUKE, OTCTOALIEH OT Hee Ha paccTosHuH A.
4.15. Tnockuit KOHAGHCATOP 3anojiHeH JABYXCIOHHBIM  JHOJEK-

TpUKOM. JIMANIeKTpHYECKas NPOHAILAEMOCTs NEpPBOrO CioA &, = 2&,,
yaenLHas TPOBOAMMOCTE 0] = 10" Cm/m. Jla Broporo cnos — £,, = 4&,,

o5 = 10”7 Cm/m. Tomumea crioes d) =2 dy = 4 cm. Pa3HOCTE NOTEHLMAIOB
mexny obimagkamu U = 100 B. HaiiTy NOBEPXHOCTHYIO MJIOTHOCTH 3aps-

JIOB f)g HA IPAHHLE pa3jieNa AM3NEKTPHKOB B YCTAHOBHBLIEMCS PEKHME H
[JIOTHOCTH TOKa MpoBoauMocTd. [Ipn KakuX napamerpax AWdICKTPHKOB

ps = 07 [None cuuTaTh OJHOPOAHBIM.
4.16, Llunuuap paauycoM d, 3apsikeHHbIH PaBHOMEPHO C MOBEPXHO-

cTHOM MUIOTHOCTHIO Pg, BPAIAETCS BOKPYT OCH €O CKOPOCTBIO (. Bhramc-
JIHTH HAMPSKEHHOCTh MATHHTHOTO MOA Y MOBEPXHOCTH UMIHHIPA, €CaH

a =10 om; @ =8x 1/e; pg = 1077 Kw’.

4.17. Ha rpaumuie pa3jiesa IByX cpeil (€] = 2; €2 = 5) H3BECTCH BEK-
TOp m_ =2Xy —3yg + 5Z¢ B/m. Halith BexTOp @m H yrisl 0] ¥ O, ecnn
ps =0 (puc. 4.8).

4.18. B o6nactu 1 3anan pextop H) = 4% + 3 —6Z9 A/m. Halitn

_m,m_ W (p MPU YCNOBWH, 4TO TOBEPXHOCTHBIH TOK OTCYTCTBYET; U] = 3;

fz = 5 (puc. 4.9).
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A Z X B
W_ @ =
&=l - M= !
& =34, X =3 y
E, g,
Puc. 4.8 Puc. 4.9

4.19. B o6nactu 1 (z < 0) n3BecTeH BeKTOP w_ =-3X, + 4y, -
- Mmo B/M; &1 = 6. Haitti m.m B obnactu 2 (z > 0), ecnn £2 = 2, a noBepx-

HOCTHas IUIOTHOCTD 3apAfia Ha rpannLe pasnena Pg = 0.

420. B obmacru 1 (z < 0) up = 3, a BeKTop
m_ HPﬁo.m.mo +Pm.mc+.mov A/m (puc. 4.10). Halitn up, mmu, eciu
Ho
ap =45°% %.... =0.

4.21. Tlo noBepXHOCTH pa3jena ABy¥ cpea (z = 0) TeueT TOK € Mo~

-

BepXHOCTHOH TuioTHOCTBIO O =9 (puc. 4.11). H3pecten BekTop
H, =14,5%, + 8Z,. Halin sextop Hy,ecnnpu=4; = 3.

4.22. B niockocTH X = 0 TeueT NMOBepPXHOCTHBIH TOK ¢ MIOTHOCTBIO
8, (puc. 4.12). B obnactu 1 (x < 0) BekTop m_ =6xy +4yy +10Zg T,
Ha1 =24y B obnactin 2 (x > 0) Jw» =6X) —50,96yg +8,96z; T,
Han =T g . Hailita Js.

L- N m
o 2 z -
H2 -3 H2 =3 %.“
77 7 AT 77
H H;w&% =4
H,
Puc. 4.10 Puc. 4.11 Puc. 4.12

423. B obmactu 1 (¢ = 1) saman sextop D =3%, — 4y, +
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+6Z, Kn/m’ (puc. 4.13). Haiitn BexTop E» u yrist 01 u 65, ecain 8O BTO-

poii cpenie £2 = 2,4, a NOBEPXHOCTHAA [UIOTHOCTE 3apAAa HA rpaHHlle pas-
pena pasHa 0.
4.24. B cBo6oaHOM TPOCTPAHCTBE | HANPLKEHHOCTH NEKTPHUECKO-

ro mona £, = 3%, — 5y, +3Z, B/m. O6nacts 2 — AMIIEKTPHK © &= 3,6

(puc. 4.14). Haiitu yron 6, ecn pg = 0.
4.25. B obnacti 1 (z <0) c £] = 2 HaNPAKESHHOCTh 3IEKTPHYECKOTO

nons E, ==3%, + 47, —2Z, B/m (puc. 4.15). Halitn HanpsxeHHoCTS

anexTpHuecKoro mons B obxactn 2 (z > 0) c £7= 8, ecnm pg = 0.

! kv, SR AX
2 B B,
2
2 () 2 i 2
\\m,\\ 2 ol 4
1p 1 £ 1 &
Y, 40
Puc. 4.13 Puc.4.14 Puc. 4.15

4.26. Ha rpanunue pazzena ABYX cpen (€] = 2; £2=5) W3BeCTHa Ha-
NPSKEHHOCTE  IIEKTPHYECKOro MoJst m._ =2X, -3y, +5z, B/M (puc.
4.16). Haittu D,, 0y u 65, ecn ps = 0.

427. B obnacth 1 (uy = 15) (puc. 4.17) 3aman BexTop
B, =1,2%, + 0,87, + 0,4Z, (T). Haitru sextop H B0 2-i obmacTu (43
=1) Hyrasl &) H 07.

4.28. Ha rpauvue pasjgena ABYX cpedl (€] W £2) CHIOBbE JIHHHH
3NeKTPHYECKOro noss o6pasyloT yroi (| ¢ HanpaBieHHeM HOpPMaIH K rpa-

HHue pasnena (puc. 4.18). HaiiTn OpMEHTALMIO CHIOBBIX JHHHH m.m BO

sTopoii cpene (92), ecnn pg =0.
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G
[ %)

@,

Puc. 4.18

5. TEOPEMA TTOMHTHUHI'A

B MakpOCKOMHYECKOH 3/IeKTPOAHHAMHKE CHCTEMa OCHOBHBIX aKCH-
OM — ypaBHeHHii MakcBeuia — AOMOMHACTCA ABYMA JHEPreTHYeCKHMH ak-

CHOMAaMH:
1) SNeKTPOMArHWTHAjA IHEPTHA pacipejeneHa B MPOCTPAHCTBE C

obBeMHOM MIOTHOCTEIO W =W, + W, , [k/M’, rie W, =—— - obbem-

HB
Had IUIOTHOCTH JHEPTHH JJIEKTPHYECKOro noas; fﬁ: =—— - obbemHad

2

IUIOTHOCTE 2HEPTHA MArHHTHOTO NOJIA;

2) BeIMUHHA W HANpapjeHHe TMOTOKA 3/EKTPOMArHHTHOH SHeprH
xapaxtepusyerca sektopom Iowintunra IT = Tum ;

C ydeToM 3TOTO 3aKOH COXPAHEHMs SHEPrHH JUIA JJIEKTPOMArHuT-
HBIX TPOLECCOB, MPOMCXOAAIIMX B HEKOTOPOM 0ObeMe V , orpaHH4YeHHOM
MOBEPXHOCTHIO & (Teopema [ToifHTHHTA), HMEET CleAyOWMH BRI

m.ayuw:ﬁan_l&_'gl‘u*nﬁu ¥
dt

rae P, = 1—@&3&.., - MomHocTs croponunx cunm; B, = .—h%«? .
v
MOIHOCTH TErUIoBbIX roteps; W = ...Eh? - 3MeKTPOMArHUTHAS YHEPrAs,
y

sanacenuas B ooveme V; Py = @. [1ds - mowrocTb, NepeHocHMas MeK-
§

TPOMArHHTHBIM TOJIEM HYEpe3 MOBEPXHOCTH S, ds =nyds - sexrop, mo
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HATIPABJIEHUIO COBMA/JAIOMHMI ¢ BHEIIHEH HOPMAbIO; A, - BHEWIHAA HOp-

MaJib K OBEPXHOCTH S,

Takum obpasoM, Teopema [ToHHTHHra yTBEPAKIAeT, YTO MOIXHOCTB
CTOpOHHMX CHJ, AeficTByomux B ofbeme V, pacxomyercs Ha TersioBbie
MOTEpH, HIMEHSHHE 3NIEKTPOMArHHTHOH SHEPrHH M H3JYUEHHE 32 Npeaeiibl
obbema.

OtmeruM, uTo craraemsie dW/dt w P, moryr GbiTh Kak NOJNOMKH-

TeNbHBIMH, TAK ¥ oTpunatenshbivi; P w P, Bcerna nonoxutenbHbl.
Jlnst rionel, 3aMACAHHBIX B BUJIE KOMIUIEKCHBIX aMILIMTYJl, BBOAATCA

1

5 EH |. Cpennee 3Ha4enve Bek-

KOMIUTeKCHBIH BexkTop [ToHHTHHTa II=

Topa IlolinTnHra

rae T’ — nepuon KoneGaHuUit,

3apaun
5.1. BoIqHCHHTS 3HEPruio, 3aMaceHHyl0 B MUIOCKOM KOHIEHCATope.
Pa3HOCTh NOTEHUHANOB Mexay TuiactuHamyu U, miomans S, paccrosude
Mex 1y nnacturamu d. [lone cuuTaTs OXHOPOIHbIM, BoiBecTn Gopmyity and
€MKOCTH KOHJeHcaTopa. JIHaneKTpHyeckas MPOHHIAEMOCTh AHIJNEKTPHKA

Eqe

5.2. OnpenenuTsb, ¢ KaKOH CTOPOHBI K JIHHUH MOAKTIOYEHBI FeHepa-
TOp ¥ Harpy3ka. OGBbACHHTH NOMYHECHHBIH pe3ynbTar (pHc. 5.1).

5.3. JIByXnpoBOAHAs JTHHHUA NPOXOMMUT Yepe3 OTBEPCTHA B HACATHHO
nposoaseM 3kpake. IToctpouts coBble NHHHH BekTopa INOHHTHHra
B6nu3K skpaHa (puc. 5.2).

I Z
T 4
5

Puc. 5.1 Puc. 5.2
5.4, Kakoro pafiHyca JO/KHbI OBITh IUIACTHHBI MTOCKOTrO KOHAEHCA-
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Topa, 4To0k! 3aMaceHHas B HeM JHEPriA paBHAIACh 0,5 Tx? Konnencarop
3apAKeH 10 HANPHKeHHA 10° B, paccTosHHe MEXIy TIACTHHAMH d =2 MM,

e, =18¢&p.
5.5. To npaMonuHeHHOMY GECKOHEUHOMY MPOBOMHHKY paJHYCOM d
TeUET MOCTOAHHBIN TOK, MIOTHOCTh KoToporo & . [TPOBOAHMK HAXONWTCA B
Bakyyme. YeMmy paBHa TIOTHOCTb 3HEPrMH MarHUTHOTO MOJA HAa paccToA-
W, =W
Huw 2a ot ock npooarmka? Moctpouts sasucumocts W, =W (a).

5.6. MarHMTHad W 37EKTPHYECKas COCTaB/AIOMIME MOAA 3JEKTPO-
MArHMTHOM BOJIHBI 3a0aHbl (HOpPMYyIaMH:

(T v [(wi-ki)z
H = Hge’ 2
E =-1207He’ "%,

JammcaTh BHIpaXeHHE /N MTHOBEHHOTO 3HaueHus Bekropa [TofiH-
THHra ¥ HaiTH ero cpejHee 3HA4CHHe, eCTH H o =2 A/M.

5.7. TInockuit KOHIEHCATOP TOAKNKOYAETCA K HCTOYHHKY 3OC senn-
qHHO 9. OnpeeIuTs Hanpaseiue Bektopa [ToRHTHHTA B TOYKAX 1,2,3,4
B mpouecce 3apaaa (puc. 5.3).

5.8. TTo WATHHAPHIECKOMY TPOBOIRNKY PannycoM d, nHOH I npo-
TekaeT TOK ¢ 00BeMHOM WIOTHOCTBIO O . [IPOBOAMMOCT MaTepHana npo-

BOJ(HMKA ©. Onpenenuth sektop [ToifHTHHTA Y MOBEPXHOCTH NPOBOAHWKA H
ero MOTOK uepe3 3Ty mosepxHocTs, OOBACHHTH MONyYEHHBIH pe3ysbTar

(puc. 5.4).

Puc. 5.3 Puc. 5.4
5.9. B W301MpOBaHHON CHCTEME Py = 0, a MOLIHOCTH MOTEPL MPO-
nopunonansra 3amacy sueprin (B, = aW ). HaiiTi 3aK0H M3MEHECHHA
SHEPrUM BO BPEMEHH, cuuTas, uto npu 1 =0 W= W,. IocTpouTs 3a8HCH-

mocTs W (1),
5.10. Bayrpu o0sacTH MPOHCXOAHT npeoGpa3oBaHne 3HEPTHU CTO-
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POHHHX CHJI B 3JIEKTPOMArHUTHYIO, OHaKO MOTOK BekTopa [ToHHTHHIA Ye-
pe3 rpanuiy o6nacTH oTpuuateseH. OnucaTe BO3MOXKHbIE BapHadThi Ga-
JlaHca SHEPTHA.

5.11. Bozmyx HauMHaeT HOHU3HPOBATHCA NMPH HANPAKEHHOCTH K-
TpHueckoro nons Ey,, = 3 xB/mMM. OnpenensTh MI0THOCTb MOTOKA MOLHO-
CTH IUIOCKHX 3JIEKTPOMArHHTHBIX BOJIH, IPH KOTOPOii HAcTynaer HOHH3a-
ums. Yactora konebaHuit 10CTaTOYHA Mana Ui TOro, 4Tobbl CYHTATH Mpo-
Hecc HOHU3aIMH Oe3bIHEPLHOHHBIM.

5.12. Iokasark ¢ momMouls:o Bektopa [lofiHTHHrA, 4TO BCA 3HEprus,
nepejaBaeMas OT NCTOYHMKA K Harpyske B €IMHHIY BPEMEHH MO KOAKCH-
anbHOMY Kabemo, KaHATH3UpYeTea no AHAIeKTpHKY. [poBoauMocTs Mate-
puana Xisl B 060104k NPUHATE GECKOHEYHO GONBIIUMA.

5.13. OnpenenyTe TaHTeHC YIVa, COCTABIAEMOTO BEKTOPOM Hamps-
JKEHHOCTH INEKTPHYECKOTO MONA ¢ HOPMAMBIO K MOBEPXHOCTH Kbl KOAK-
cHasHOro Kabens. una H BHEWHNH NPOBOJHHK, BEINONHEHHbIE H3 MeaH
(o = 5,8:10"Cm/m), nmelot paguycel F1 = 0,3 ¢M, r; = 1 cM. Hanpskenne
U mexny xunoit u o6onoukoit 10 xB. TlpoTexawoumii no kabenk mocro-
auHbIA TOK /= 50 A.

5.14. CyuiecTByeT M pasjiMyHe MeKAY 3HAHYEHHAMH BEKTOpa I1
JUIA INEKTPOMATHHTHBIX BOJIH, MONAPH30BAHHBIX 1O KPYTy H JHHEHHO TO-

JIAPU3OBAHHBIX, €CJIH aMTUIUTY bl E nu H ana uux pasusi? Pesynwrathi
CBA3aTH ¢ MPHHLMIIOM CYNEPrO3KLUHK IS YHEPTHil, YIUTHIBASA, YTO BOJIHA,
NOJNAPH30BAHHAS MO KPYTY, €CTh CyMMa NBYX JHHEHHO MOSPH3IOBAHHBIX
BOJIH.

5.15. B miiockoM koHaeHcaTope ¢ paimepamu ctopo 0,5 M 1,0 M K
PacCTOSHHEM MEXIy TUIacTHHaMM 2 cM pasHocTs noteHumanos U = 10 B.
Haiiti 3anmaceHHyI0 B KOHIEHCATOPE OHEPrHI0 M €ro eMKOCTh, €ClTH

£4 = 28)).

5.16. Bexrop E B nexaproBoli cHCTEME KOOPIHHAT HMEET EAMHCT-

BeHHYI0 cocTasisiomyio Ey, otnmunyio ot nyna. [lokasats, 410 BeKTOp

[ToMHTHHTA HE MOKET HMETh COCTABIAIMLYIO BIO.Ib OCH X,
5.17. B HekOTOpOH TO4YKE  MNPOCTPAHCTBA 3aJaHbl BEKTOPHI

E =2y, Bmu IT =4x, + 6Z, Br/™’. Onpesennts sexrop /8 ool
TOYKE,

5.18. HanpaeHHOCTh IEXTPHUECKOT0 NOA pacrpocTpansomencs
B MoNHATHIEHe (€ = 2,25) somusl £ = 50 mB/m. Onpenenuts BexTop INolin-
THHI'a 3TOH BOJIHBL.

5.19. KoMnJieKCHBIE aMIUTHTY Ikl BEKTOPOR 3JI€KTPOMArHHTHOrO Mo-
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4B mnﬂo.no_uoﬂ TOYKE NMPOCTPAHCTBA 3aJaHbl BLIPAKECHMAMHN:

I 0.6 =107,
E=085-¢"%,-13-¢7"" yy;
H=42-10"""3,
Onpenenuts KoMmiekcHbiii extop INoHHTHHTA II w ero cpeanee 3Haue-
awe 17,

5.20. B cBoGomHOM MpOCTPAHCTBE B HANpPABIEHHH OCH Z pacnpo-
CTpaHsieTcsl TUIOCKas BOJHA C© HANPSHKEHHOCTHIO JJIEKTPHYECKOro nons
E(z,t)=50cos(wt —kz) B/m. Haiitn cpeanee 3Ha4YeHHEe BEKTOpa
TToHHTHHTa K ero MoTOK Yepe3 IUIOWAAKY paaMycoM 2.5 M, Jiexallyl B
mnockoctn z = const ( L k ocu z).

5.21. Cpennee 3HaverHe Bektopa IlofHTATHA B Mpouecce pacnpo-
CTpaHeHHs 7eKTPOMArHUTHON BOJIHbI HA PACCTOSHUM Z = 2 M yMEHbIUAeT-
ca Ha 10 %. Oripeaenuts Ko3P(HLHEHT 3aTyXaHHA BOJHbI.

5.22. 3apakeHHBIH LUUIMHAD C MOBEPXHOCTHOH MIOTHOCTHIO Pg

BpAIaeTcs ¢ NOCTOAHHON YIJIOBOH CKOPOCTHIO ( BOKpYT ceoeli ocu. Uso-
6pasuts cHoBbIe THHHHM BekTOpa [TOAHTHHTA Y MOBEPXHOCTH LHITHHIPA.

5.23. Wamepennsa cBeTOBON IHEPruy NOKA3a/l, YTO Yepes Kak /i
KBaIpaTHbIil CAHTAMETP MOBEPXHOCTH, NEPNEHANKYNAPHOR K COHEUHBIM
nyuam, npoxojut | Br/c. Cuntas noTok nmapaiieibHbIX nyved IIocKoi
3/IEKTPOMATHHTHOI BOJIHOM, ONPEAEINTh HAMPAKEHHOCTH JNEKTPHHECKOro
H MarHUTHOTO MOJIeH.

6. DJIEKTPOCTATHYECKOE I1OJIE

OcHOBHbIE YPABHEHHS H ONPEACJIEHAA IEKTPOCTATHHECKOr0 NoJis
CrcTeMa YPaBHEHHH /IEKTPOCTATHKH — HaCTHBIH Ciryuad CHCTEMbI

ypasnenmit Makcsenna, koraa 9/0f = 0:
%Ma.m. =0; %@aﬂ. = .‘...Q?w
L § v

rotkE =0; divD= p.
Jlna orMcaHWA 3MEKTPOCTATHYECKOTO M0JIA BBOJHTCA CKaApHas
HKLHA — NOTEHUHAN (. HanpakeHHOCTh IEKTPHYECKOTO MoJiA CBA3aHa C
P

NOTEHUMANOM 3aBHCHMOCTbi0 E = —grad.
Beenennsiii TakuM 06pazoM MOTEHUMA] HEOJHO3IHAYEH H HE UMEET
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dusmaeckoro cMbica. 3HaK «-» MOKa3LIBACT, 4TO SMEKTPHUIECKOE NONe Ha-
fnpaBjieHo 3 0GMACTH MOJOXKHTENBHOrO MOTeHIHaNa B obnacTe OTpHLA-
TEJBHOTO MOTeHIHANA,

Pa3HOCTb MOTEHLHUAIOB MEXKIY JABYMA TOYKAMH YHCIE€HHO PaBHA pa-
6oTe MO MepeMeIIeHHI0 eHHIUHOIO MOJOXKNTENLHOTO 3apAia MEHILY HH-

MH:

2
o~y = [Edl.
1
Ta BeJIHUHHA HE 3ABHCHT OT IYTH, 1O KOTOPOMY NepeMelaeTca 3apal.
Kak crnemyeT W3 BblIENpHBEICHHBIX (GOpMYJ, MOHATHE PasHOCTH
MOTEHUHAIOB ABAACTCA TOYHBIM JIHIIbL ansa :Ob.w#. He 3aBUCALIHX OT Bpe-
MEHH.

q Bl g

Jlns TOYeHOro 3apsga (@ = 4 — Ty, THE T —
dne,r 4re,r
paccTosHuE OT 3apa/ia JI0 TOYKH HabIIONCHUA.
1 Tdl
Jina nuHeiiHO pacnipeeNeHHOTO 3apaja @ = —— ; JUIA 3aps-
4re, 7 r
L
1 Psds
JI0B, pacnpele/IeHHBIX N0 TMOBEPXHOCTH H 00BeMy, — @ = H
dne, = r
S
1 pdv
p= L7 coorsercTBenHHo. B aTHX QopMynax T, p; U P — nuHeH-
4re, SOF

Hasi, TOBEPXHOCTHAA W 0GbeMHas (IOTHOCTH 3aPA/IOB.
Cwuna, aeficTBylomas Ha 3apsa g, F= ﬁw :
I'paHuMHBIE YCJIOBHA HIEKTPOCTATHKH Y MOBEPXHOCTH MPOBOJHAKA:
% _ o0__p
dr ~ oOn, £,
IT0 03HAYAET, YTO NOBEPXHOCTh MPOBOJHHKA B JNEKTPOCTATHYE-

CKOM 1oJie 3KBHNOTEHIHAILHA.
Uzmﬂ_ rus 3JIEKTPOCTATHYECKOIo nona

W, HWW_._m.n_m..uhw\ HW .ﬂ_.mu%&.__‘._ rae V — nonuwiii obvem, V — obbeM,

3aHAMAEMBIH 3apAnaMH, () — MOTEHUHAT OTHOCHTEIbHO GeckoHEYHO yna-
JIEHHOH TOYKH.
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EMKOCTB 3apaikeHHOT0 Teja Omnpenesercs Kak KoaG@HUHEHT npo-
TMOPUMOHANBHOCTH MEXIY €ro MOTSHIHANOM OTHOCHTENbHO OECKOHCYHO

v‘_hmbﬂm:.uwm TOYKH W 3apA/IOM, COCPEAOTOUEHHBIM Ha ITOM Telle. g = Q.ﬁ .

Konnencatop npeacrasinser coboil cucremy ABYX MPOBOAHHUKOB, He-
CYIIMX paBHLIE M0 BEJIMYWHE W POTHBOIMOJIOKHBIE 10 3HAKY 3apamel. Ero

_ld

[Agl”
HOCTh MOTEHITHAIOB MEXIY HHMH,

B paje snexkTpocTATHYSCKHX 3a1ad IUTA HAXOXKAEHMS pacnpeiene-

HUS 3APANOB, CO3NANILMX B MPOCTPAHCTRE NOTEHUHAN ¢, TONE3HO HCIIONb-

wowmqrvﬁmwzmmxo:wwnno:m ﬂmﬁulh W ypaBHenwe Jlannaca

€a

emkocth C rie § — BeNMdMHA 3apana ofHoro u3 tei; A@ — pas-

Vip=0.
Jamaum

k
6.1. TloTeHuman HekoTOpo# obnacTn @ = Mh: sin mx shny . 5B-
n=1
AgeTCA M AaHHas QyHKIWNA peulcHueM ypasHenusa Jlannaca?

6.2. Ha sayTpenueii cdépe pacriofioskeH 3apan +g.
BRIMHCAHTE NOBEPXHOCTHYIO IUIOTHOCThL 3apsila H noj-
Hbili 3apsn pHelIHeH cepsl, BHIMONHEHHOH W3 HOEaNb-
Horo npoBonEHka (puc. 6.1).

6.3. Onpenenuts panHyc yeauHeHHoH cdepsl eM-
kocteio 1 @, Cpena — BaKyyM.

6.4. 3apsia ¢ o6BEMHON IIOTHOCTEIO P = Pg ¥/a

pacnpenenes 8 oGbeme uiapa panuycom a. OnpeaenuTs

Puc. 6.1 3aKOH M3MEHEHHA HANPAKCHHOCTH H HHAYKLUHH 31€K-
TPHHYECKOTO MO/ BHYTPH M BHE Wwapa. Onucarh NoBECHHE BEKTOPOB En
D npu mepexoje rpanuisl 1map — BO3AYX. BEIYHCAHTE SHEPTHIO INEKTPH-
YECKOro MOJIA, CO3ABAEMYIO 3apMKEHHBIM WwapoM. JIuanekTpuyeckas npo-

HHUIIAEMOCTh MaTepHaa LIapa £,., Cpemsl — &).
6.5. OnpenennTs EMKOCTh, PA3HOCTh MOTEHUHATOB MeXLy 00Knan-

KaMH, HANPSHKEHHOCTE TOMA H HHAVKUMIO B JM3/IEKTPHKAX C Eg] M €52,
3aNONHAOMIAX ABYXCAOHHEI cepHdeckuii KOHIEHCATOP, MMEIOLLHH 3apA

q (puc. 6.2).
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6.6. OnpenenuTh NOTOHHYIO EMKOCTh, PasHOCTh MOTEHIHANOB MeX-
Ay OOKIagKaMH, HANPSKEHHOCTh MOMA W WHAYKIHIO B IWINEKTPHKAX, 3a-
NONHAOIHMX ABYXCHOMHBIA UMNMHAPHYECKHiT KOHjeHcaTop. Ha eaumuiy
JUIHHBI KOHJICHCATOPA MPHXOIMTCA 3apan ¢ (puc. 6.3). JlusnexktpHueckue

NPOHHIIAEMOCTH CIIOEB £4] H £42.

Puc. 6.2 Puc. 6.3
6.7. IlonoxuTebHEIH 3aps] paBHOMEDPHO paclpesieNied Mo Kofble-

BOH JIHHHA pajiiycoM @. J{naneKTpHdecKas NPORHIIAEMOCTh Cpesl £,. Jlu-
HelHas TUIOTHOCTE 3apsja T. HaliTH noTeHIMan W HANPSKEHHOCTEL NOJA B
TOUKAX, Jekawnx Ha ocu konsua. [loctponts E(z) n (z) (prc. 6.4).

6.8. TNoaoxuTeNnbHBINR 3aps] ¢ PaBHOMEPHO pacrpesieien Ha IUioc-
KOM KpYIJIOM QHCKe paiHycoM d. HaliTH HanpsmieHHOCTb NEKTPHYECKOro

nons E u notennman @ touex, nexauux Ha OcH Z, HOPMATBHOM K IHCKY H
npoxopdiuei yepes ee ueHtp (puc. 6.5). Jlnsnexrpuueckas MpOHHLAEMOCTD

Ccpembl £g.

X

Puc. 6.4 Puc. 6.5
6.9. B mone 3apmxeHHOro Iapa HaHTH PamgHychl SKBHNOTEHUHAIb-
HBIX MOBEPXHOCTEH, MOTEHUMANBI KOTOPBIX OTAHYAIOTCA APYr OT Apyra Ha
10 B; = | MM; g = 8,89 10" Kn. [llap HaxoauTcs B BO3AYXe.
6.10. Hcnone3ya teopemy [Maycca, noka3aTb, 4TO HAaNpAKEHHOCTB
EKTPHYECKOrO MO/IA Ha paccToAHHH 7 0T GECKOHEMHOro TOHKOro MPoBO-

m kE, = ﬁ\ 27, , e T — nunelHad [WIOTHOCTS 3apsiia.
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6.11. O6vemHblii 3apAl ¢ MIOTHOCTBEO
p0 PABHOMEDHO pacrpesielie MeKay ABYMsA KOH-
HEHTPHYECKUMH  CpepHIecKHMH  MMOBEPXHOCTAMM.
Paguyc BHEWHeH NMOBepXHOCTH b, paauyc BHYTpPeH-

Hell nopepxHocth @. JlM3nekTphdeckas  TPOHH-
1AEMOCTh Cpefibl MeKAy CQEepHHEeCKHMH MOBEPX-

a £

Puc. 6.6 HOCTAMH &g, OKpyXawmieil cpeapl — & (puc. 6.6).
Haiiru D(r), E(r), ¢(r). [loctpouTts rpaduky nomns.

6.12. Bnons npamMosiMHEHHOro oTpe3ka

y KS.& nnmHON | pacnpeneneH 3apas ¢ JIMHEHHOT

wioTHocTeio 7. Halitw nmoteHuwan mnoas B

P . touke M, orcrosuleii Ha paccrosuun d oT

d sapsaxeHHON HHATH. [lMdexTpuyeckas npo-

HHLAEMOCTh Cpeasl &g (puc. 6.7).

o 0 Oy
l|.¢7_l..l..«|v._ X 6.13. ToueuHsli 3apsal g HAXOAHTCH Ha
/

pacctosHHH /i OT GECKOHEMHO MpOBOAALIEH
mwiockocTi. OnpefenuTh IVIOTHOCTh JJEKT-

-l ..r
o, -

Puc. 6.7 puMecKoro 3apsja, oOpa3oBaBuIerocs B pas-
JAMYHBIX TOYKAX IUIOCKOCTH BCHEICTBHE JJIEKTPOCTATHYECKOH HHIYKUHH
(puc. 6.8). .

6.14. Onpejenurs BeIMYHHY 3apAla CPEPHYECKOro KOHIEHCATOpa,
npu KotopoMm Oyaer oGecrieveH TpexkpaTHbiii 3anmac no npoOGHBHOMY Ha-
NPSKEHHIO [AMINEKTPUK — BO3AYX. HanpsxkenHOCTs mons B BO3AyXe, NpH
KoTopo# nponcxoaut npobo#, paswa 3000 B/mm. Panuycw cdep ry v r;
(pue. 6.9).

+

Puc. 6.8 Puc. 6.9
6.15. MeTanmueckuii wap pamuycom 0,2 M HeceT Ha cebe 3apan g =

=6-10" Kn. JlnanexTpiueckas NpOHALAEMOCTD CPebl &, =3&(. Moacuurars
IJHEPTHIO MEKTPHUECKOTO MOJIA.
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6.16. Haiitu pacrpefesieHHe 3apaioB p(r), cospaompx B BaKyyme
exp(—r/a)
r

. YkasaHMe: Wcnons3osath ypasuenue Ily-

noteHuman @ =g

accosa.
6.17. BeumMCAMTH SHEPTHIO PABHOMEPHO 3apsHXEHHOTO Ilapa paamy-

com @. JlmdNexTpyteckas NMPOHHLAEMOCTD AP &g, 33pAA 4, QKpYXaroas

cpesa — BakyyM.
6.18. BroisecTn Gopmysibl uid onpeje- L il e
feHH HANpSKEHHOCTH 10N W EMKOCTH e

ABYXCOHHOTO TLIOCKOTO KOHJeHcaTtopa, a | :
TaKkKe MOCTPOUTH TpadHKH H3MEHEHHA MOLY- ﬂw_
nelf BEKTOPOB HAMPMKEHHOCTH 3IEKTpHUe- n s
CKOTO TI0Jifl, MOAYJISl BEKTOPA 3JIEKTPHIECKOH
pnayxuun D u noterumana ¢ B QyHKUHH
paccrosnna X. TomuuHa mepsoro cios Au-
snextpuka dy, BTOporo — dh. JluanexTputieckas MPOHHUAEMOCTE MepBoro
Cnos — E£gl, BTOPOTO — Eg2. Pa3HOCTL MOTEHUMANOB MEAKIY o0KIaIKaMH
KOHJIEHCATOpa paBHa u. Ilnowaab nIacTHH KOHAGHCATOpa — S (puc 6.10).
6.19. 3apan paBHOMEPHO C JIMHEIHOH 1IoT-
socteio T = 107 Kn/m pacnipeiesieH 1o nepuMer-
py KBampata €O CTOPOHOH 6 M (puc. 6.11).

Puc. 6.10

&4 =€(. HaiiTi NoTeHUHAN B TOUKE (0,0,5) M.
6.20. TMonuetit 3apAa Kpyrioro paBHOMEpHO
3apSKEHHOro JUCKa PaaHyCcoM 2 ™M paseH
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— nKn. Haiite noTeHUMan B TOYKE Ha OCH Puc. 6.11

3

mucka (0,0,2 m). Haliti moTenuuan B 37011 e TOUKE, ECJIH BECh 3apAll Co-

CpefIoTOYeH B Havalle KoOpAHHaT.
6.21. B xy6e ¢ paimepom CTOPOH, paBHBIM 1 M, 3agad nmoTeHUMan

p= 3x* +4 um (B). &g = £0. HaliTH 3HEPruio, 3anaceHHyo B Kybe.
6.22. B BO3MYIIHOM MPOCTPAHCTBE MEKIY COOCHBIMH MIHHIpHYC-
CKMMH [OBEPXHOCTAMH pajauycaMu ry = 0,0lm ur= 0,05 m anexTpH4e-
. of 10

ckoenone £ = —
r

i, . HaiiTi 9Hepriio, COCPENOTOHEHHYI0 MEXILY
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3TAMH UHJIHHApaMH BhicoToit 0,5 m. j
6.23. ITonoxwuTensHLIH 3apaN § PABHOMEPHO pacnpesie/ied mo obremy

mapa paauycom a. Haitru HanpsxeHHocTs 3nekTprueckoro nons £ u no-
TEHLHAI () BHYTPH M BHe apa. [luanekTpuyueckas MpOHULAEMOCTL MarTe-

pHana wapa U Cpesibl - £4.
6.24. OnpenenuTk EMKOCTE H 3JIEKTPHUECKYIO IHEPTHIO MONA [UJIOCKO-
7z ro KOHOEHCATOpA C IUIOMANBIO obxnanox
+1; S =100 cM® 1 paccTosHHEM MexIy HHMH d=
q = | mm. KonneHcaTop 3apsKeH 10 HanpskeHHd

& /=400 B ¥ 3anonHeH IHINEKTPHKOM € Eq = 3€(.

Ir Kpaesbim a¢pextom npeHedpeus.

I 6.25. Hure mmuoii 2L paBHOMEpHO 3a-
pskena ¢ IuHedno# roTHoCTsH0 7. Toukn 1 u 2
Jexar B IUIOCKOCTH, NMEpHeHIMKYTAPHOHA K HUTH
I 1 npoxoasimed yepes ee cepemuny (puc. 6.12).

HaiiTi pasHOCTE  MOTEHUHANOB  (),,  SCIH

Puc. 6.12 L>>n,L>>r, , e4=6p.

6.26. 1llap paauycom @ ¢ ueHTpoM B Hauande cepuieckoll CHCTEMBI
KOOpOAHHAT HMEET MOTeHIHAL 2

@, NUpHr=<a,

7=12a npur > a.
4

CocTaBiTh BBIPpAXKCHHA ATIA 3anaceHHoH IHCPrdH W MOJHOTO 3apaja Ha Mo-
BEPXHOCTH LIApa.

65.27. BhiBeCcTH BbIp@XKeHHe IA Hanps-
JKEHHOCTH 3NeKTpHYeckoro mona E, coinan-

HOro GecKOHCUHOW pPaBHOMEPHO 3apsiXeHHOH
INOCKOCTBIO C nommﬁxm—On._.:ca MJIOTHOCTEIO

p,,Haocu z (puc. 6.13). g4 =€.

6.28. Ha noBepXHOCTAX KOHUEHTPHYECKHX
UMIMHAPHYECKHX MPOBOJAHMKOB  pafHycamH
ri=1 MM Hr =20 MM NOTEHLHANbI COOTBET-
CTBEHHO paBHbl @] =75 B, g2 =0 B. Hcnoe-

3y YypaBHCHHC Jlannaca, ONpeaeTNTh BEKTOP 3JIEKTPHYECKOr0 CMCILCHHA B
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NPOCTPAHCTBE MEXKTY MPOBOIAHHKAMH, ECIIH £ = 3,6.
6.29. B nexapToBOii CUCTEME KOOPIHHAT MOTEHLUNAT () 3aBHCHT TOJb-

koorx. [lpax=-2cm ¢ =250B, E=15 -10°(~X,) B/m. Ucrionbsys

ypasHenue Jlannaca, HaiTH ¢ NpH X = 3 cMm.
6.30. HaiiTy 3aBucHMOCTD NMOTEHLIMANA ¢ H HANpPA-

KEHHOCTH 3neKTpHueckoro nois E or paccrosuus 7 B
NPOCTPAHCTBE MEKIY ABYMA KOHUEHTPHHECKMMH UH-
nuHapamu, ecniu mpu = 1 mum @=0,a npu =
=20 MM @3 = 150 B (puc. 6.14). Kpaeso# ekt He
YUHTHIBATE, YKa3aHHe: HCMONL30BaTh ypaBHeHne Jlan-
naca.

6.31. B nexapToBoii cHCTEME KOOpIHHAT [OTEH- i
upan IIockocTH z =3 cM, @ = 0. Haitth noteHduqan u Puc. 6.14
MOBEPXHOCTHYK) TUIOTHOCTh 3apAfia IUIOCKOCTH 2 = (,eClH HanpsKes-

1 ws
HOCTh oA Mexcy nnockoctamu £ = 6,67 10"z, B/m,a e =4,5.
6.32. B cheputeckoii cHCTEME KOOPAMHAT NOTEHIMAN 3ABUCHT TONKO

orr. Tlpur=15mv @=0B, anpu =110y E =—=334,77, B/m. Hc-

noJb3ys ypasHeHue Jlannaca, HaitTn noTeHunan @ npu = 200 Mm.,
6.33. Bocnons3oBaBiKchk ypaBHeHueMm Jlaruiaca, HalTH 3aBHCHMOCTD

sektopos E m D OT paccTosHus r B NpOCTPaHCTBE MEXAY ABYMS cdepu-
4eCKHMH KOHLEHTPHUECKHMH MOBEPXHOCTAMM, €CIM M3BECTHO, WTO MpH

r=0,1m p=0,mpu r=2m¢ =100 B, &g, =&p.
6.34. B 3apsKeHHOM UMIHHApe OOBEMHAs TMJOTHOCTh 3apaaa
p = 5rexp(—2r) Ka/m’. Henonsaya Teopemy Octporpanckoro — aycea,
uaiitu D(r).
6.35. Haiftu pasHOCTb  MOTEHLHANOB
Mexay KoHycamu ¢ yrnamu 0y=30° u 6 = 45°,
ecm mpu 7 = 0,25 m u 0= 30° HanpsakeHHOCTH

nons E le.u._owma B/m (pue. 6.15). [Mo-
TEHLMAJ 3aBHCHT TOJMbKO oT 0. Ykasamue: mc-
noJne30BaTh ypasHeHne Jlannaca.

6.36. B  mpoCTpaHCTBE MEHKIY ABYMA
KpYrJBIMH KOHUEHTPHYECKAMH UHIHHAPAMH
w3BecTHA 00bEMHAA IUIOTHOCTH 3apama p ().

]
Puc. 6.15
Hcnone3ys ypasuenne Ilyaccowa, 3amucarh BHIDDKEHHE I NMOTEHUHANa
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@(7) ¢ TOUHOCTHIO IO MOCTOSHHBIX HHTErPHPOBAHNA A U B,

6.37. Haiitu-3asucumoctn E(r) m D(r) s npoctpancrse mexay
ABYMS CEPHYECKHMH KOHUEHTPHYECKHMH TOBEDXHOCTAMH, €C/H MpH

r=2cm¢@ =-25B,mpur=35cm ¢ =150 B, g, = 3,12¢p. Onpenennrs
TIOBEPXHOCTHYIO IUIOTHOCTB 32psjia Oy Ha KAXKIOM NPOBOJHHKE.

6.38. Haitrv paGoTy no nepemeiiennio Toyeuroro 3apsina ¢=3-10" Kn
13 TOUKH (4M, T, 0) B TOuKy (2M, /2, 2M) UHIHHAPHYECKOH CHCTEMb] Koop-
W
AMHAT, eciiu HanpsokenHocTs nos E =| — |y +107 z Zy.
r

6.39. B cB0GOAHOM MPOCTpaHCTBe MOTeHUMan @ = 2x + 4y. Haiiti

SHEpruio Kybudeckoro metpa o6bema ¢ BeplIHHOi Ky6a B Havane KOOp/IH-
HaT.

7

6.40. B obmactu 3navenuit 0 <y < 6

UMTHHIPHYECKOH CHCTEMBI

60y

KOOpJMHAT H3BECTHO pacnpele/ieHne noTeHuHana ¢ =| ——— |B. Haii-
b4

TH JHEPTHIO, 3aNaceHHyI0 B obbeMe, orpanuientoM 0,1 < 7 <0,6; 0< z < I3

0<¥Y<ne.

6.41. Toueunsiit 3apaa ¢ = 0,4 HKn pacrionoxeH B Touke (2,3,3)mB
AeKapToBOH crHCTeMe KoopawHaT. HaliTH pasHOCT MOTEHUMANOB MEXIy
ToukaMu 4 (2,2, 3)mu B (-2, 3, 3) m.

6.42. Haiiti norenuman touxu A (4 = 5 M) OTHOCHTE/ILHO Touku B
(s = 15 M), CO31aHHBIN TOYEYHBIM 3APAIOM g = 500 pKn, a Takxe noTen-
LMall KaKI0# TOYKH OTHOCHTENBEHO GECKOHEUHOCTH.

6.43. B oGnacty 3Hauennii 0 < r < 2,7 M UAIHHAPHYECKOH CHCTEMbI
KOOpIMHAT 3afaH BEKTOD HANPMKEHHOCTH 3NEKTPHYECKOTO  Homs
E= 3 o B/m, ampn r>2,7m E =257 B/m. Haitru passocts ro-

F
TEHIHAOB Mexay Toukamu A (Im, 0, 0) u B (4m, 0, 0).
6.44. B cdepuueckoli cHCTeMEe KOOpAMHAT 3ajaHO  mofie

16 ).

E =|—— |f; B/m. Haiftn pasHocTs noTeHuManoB mexay Toukam A
r
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(2m, @, W/2) 1 B (4m, 0, 70) ¥ OOTEHLMANBI 3THX TOUEK OTHOCHTENBHO oec-
: ] 'y

KOHEYHOCTH.

6.45. Paccrosmme [ wMexny
ABYMs TOYEYHBIMH 3apamamu ¢i =
=2 uKn u ¢; = - 3 uKn, pacrofiokeH-
HBIMH B Bakyyme, paBHo 20 cM (puc.
6.16). OnpeNieNTh HAMPKCHHOCTD E
| TOTEHLMAN ¢ MOJfA, CO31aBacMOro
JTHMH 3apAfaMH B TOuKe A, yraneH-
Hoif OT MEpBOTO 3apsja Ha paccTof- Puc: 6:16

gue 7y = 15 CM M OT BTOPOroO 3apAfia Ha I’ = 10 cm. i
6.46. B npocTpaHcTBE MEXIY ABYMA chepHiecK

wiy 3a71ana oBBeMHas TUIOTHOCTE 3apsaa p. Menonb3ys ypasH
opa E , ecnim moTeHUMAN 3aBHCHT TOMb-

H MOBEPXHOCTSA-
enue [lyacco-

H4, 3alMHCaTh BBIPAKEHHUC A8 BEKT
KO OT F.

7. CTAHIMOHAPHOE MATHHUTHOE IMOJIE
OcHOBHBIE vﬁ.ﬁﬂ—.—nv—:a nﬂﬂﬂ——nzwﬂ:omo w._u.m.._._:.__-_.—c_-d nojas
%@&w - T&mw rotH =9,

L S A
{Bds=0; divB=0; B=pH.
S

1]dl 7 |

==, THe I — nuneitnsiit Tok; dl —

3akon Buo - Casapa dH = e

0TO-
JUTMHA 37IeMEHTa TOKa; I' — -uwnn.ﬁonz:n OT 3/1€MEHTa TOKa A0 TOYKH, B K

H ; 7 i ot e~
poii onpenenserca dH ; Iy — eannW4HbIA BEXTOP, HATPABJICHHbI

MEeHTa TOKa K TOUKE, B KOTOPOH OMpeaeAeTCa dH (touxe :mmuabazxnw.
MarsHTHBIH TIOTOK 4epe3 MOBEPXHOCTD S, orpaHH4eHHY ) KOHTYPOM L:

@ =[Bds.
s

MHIYKTHBHOCTb BHTKA C TOKOM, PaBHBIM I

®
Bt
I

BiauMHAas WHAYKUHA ABYX BUTKOB C TOKaMH Linkh:




rae P, = ._'mu ds, - notox Bektopa B, , cosnasaemsiii Tokom I, uepes
5

nepBsilf kKoHTyp; @, = ._.mﬂ d5, - norox Bektopa B, , co3masaemsiii To-
5,
koM /) yepes BTOpo#l KOHTYP.

3amaum
7.1, PaccuMTaTe HANPAKEHHOCTH MArHUTHOTO IOJIS HA OCH KPYT/IOro
IUIOCKOTO BHTKA PAHYCOM d, IO KOTOpOMY nipotekaet Tok [ (puc. 7.1).
7.2. PaccuntaTh HANPAKEHHOCTh MATHHTHOTO TIONSA KOAKCHATBLHOIO
Kaleis, NMPHUHAB, YTO MO LEHTPANLHOMY MPOBOAHMKY M 000/IOYKe TEKyT
OAMHAKOEBIE TOKH / B pa3HbIX HarnpasneHnsx (puc. 7.2). Iocrponts H(r).

Puc. 7.1 Puc.7.2
7.3. Haitti B3aUMHYIO RHIYKTHBHOCTb IBYX BHTKOB (puc. 7.3, a,6,B).
r>>r I>>r,>>n
I
I'l ke
— P e e R =
[
| ol i i
: _
a 6 B
Puc, 7.3

7.4. PaccuWTaTh HANPAKEHHOCTh MATHUTHOTO NOJS UHIHHApHYE-
ckolt Tpy6el, mo koTopoii npotexaer Tok I (puc. 7.4). Mocrpours Hir).
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7.5. OnpeaenyTh HATPAKEHHOCTh MArHUTHOTO MOJIA HA OCH LUIHHHO-
ro COJIEHOMJA, COMEPKAallero 7 BUTKOB Ha eAMHMLY MUtHHBL CHna Toxa B
coneronne I, panuyc BUTKa @, wimHa / >> a (puc. 7.5).

7.6. IInvHHBIA MpoBOA COTHYT B (OpME LUNMIBKH, MMOKa3aEHOH Ha
pucyHke. HaliTH TouHOe BhIpaXeHHE /IS MardHHTHOro nonas B Touke 0 (puc.

Puc. 7.4 Puc. 7.5 Puc. 7.6
7.7. BRIMHCINTE MArHUTHYIO IHEPrHi0, COCPEHOTOYEHHYH) BHYTPH
LHIHHAPHYECKOTO MMPOBOAHHKA EIHHHYHOR [UTHHBI, 10 KOTOPOMY MPOTEKa-

eT ToK /. MarHHTHas NPOHHIAEMOCTh NPOBOTHHKA M. [locTponTs H(r).

7.8. Tpu mapaunensHbIX ITPOBOJA pankycoM r | 2 3
PACIONOKEHB TAK, YTO PACCTONHHA MEW Iy HAMH PaBHBI
P12, 23, 3. ONpeIenuTs NOroOHHYIO BIAHMHYIO HHAYK- 12l n3

THBHOCTH M3, M3, T.e. netnu 12 w netnm 13 (puc. 7.7).

7.9. OnpenennTh B3aUMHYIO HHIYKTHBHOCTS Ha |

KM JUTHHEI JBYX MapaJUIeNbHbIX ABYXMPOBOJHBIX JTHHHA

nepenadd, NpoBOJAa KOTOPBIX PacmolOKeHsl B Yriaax
KBaJpara co CTOpoHol 1 M.

riz

7.10, IMoneit MeOHBIH MPOBOA HMEET palHYChI

¥i W 71y Onpenendts cOOCTBEHHYIO HHIYKTHBHOCTB

I
L
L7 ]

r23
2

Puc. 7.7
OTpe3ka NpoBola JUTHHOI /, moiaras IIOTHOCTH TOKA OJIMHAKOBOM MO BCe-
MY CEYeHHIO IPOBOAHHKA (pHC. 7.3).

7.11. IMpoBonodHas paMka B GopMe paBHOOEIPEHHOM Tpanemy Ha-
XOIHUTCHA B BO3yXe B OAHOH MIIOCKOCTH C JUIMHHBLIM MPOBOAOM, IO KOTOPO-
My Teder TOK /. OnpeaenuTh B3aUMHYIO HHIYKTHBHOCTE MEXIY IPOBOIOM

u paMkoii (puc. 7.8).

7.12. OnpegenuTs HHAYKTHBHOCTE JBYXNPOBOAHOH JIHHHH fepena-
uy giaeol / = 10 kM npu paccTosHuy d = 2 M MEXIy MPOBOJAAMH, CUHTAA,
YTO 110 HHM MPOTEKAKT PABHLIE TOKH B MPOTHBOTIOIOKHBIX HaNpPaBIeHHAX.
Panuyc mpoBonos = 6 MM.

7.13. OnpenendTs BIaHMHYIO HHIAYKTHBHOCTH TPEYTONbHOM NETNH H
GecKOHEeTHOTO OJHHOYHOr0 npoBoaHuKa ¢ TokoM [ (puc. 7.9).
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2 = r = dr
I _ %
(74
| M I M/
a | pl 'l a
Puc. 7.8 Puc. 7.9

7.14. KeagpaTHas paMka ¢ TOKOM 1=02 A, momanso S =9 nzw
cocTosas u3 50 BHTKOB, HAXOAMTCA B OJHOPONHOM MarHHTHOM IOJi€ Ha-

npsokeHrocTeic [ = 10 A/M. Yron Mexay HOPMANEIO mc paMKH H BEKTO-

pom H cocraenser 50°. OnpeaenuTs MOMEHT Napbl CHIL, ACHCTBYIOWNAX Ha

pamky (puc. 7.10).

7.15. OnpenenuTs B3aUMHYIO HHIYKTHBHOCTH NBYXINPOBOJHOM JiH-
HH¥ H paMKH, Nexallleif B IIOCKOCTH IMHAK (pHC. 7.11).

7.16. B nunuHApUYecKoil cHCTeMe KOOpAMHAT 3ajlaH BEKTOp Mar-

am..
::Eon:gm::_.m Hﬁl ﬁa.Imaa::Qqcxuqo_dwqﬁdvm:nﬁnug?
r

mWAnKy, OrpaHiueHHyi0 koopauHatamMu 05 M < r<25M;0< z <2 m
(puc. 7.12).

z Mo
{450
>y m« d v

" T A4 3

Puc. 7.10 Puc. 7.11 Puc. 7.12
7.17. Haiftd MarHWTHBIA NMOTOK Y4epe3 MAOIIANKY, OrpaHHYEeHHYIO
xoopauHatamy @ = /4; 0,01 M < r < 0,05 m; 0 < z <2 M, eciiM TOK, npo-
TeKaloMii M0 NPAMOJMHEHHOMY TNPOBOIHUKY BIOJBL OCH Z, paseH [ =
=2,5 A. g = po (puc. 7.13).

7.18. HaliTh MHAYKTHBHOCTbL KOAKCHAIBHOro Kabens eaMHHYHOH
JUIMHEI TIO JJaHHBIM, YKa3aHHBIM Ha puc. 7.14.
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7.19. B cBoGoaHOM TPOCTPAHCTBE B LMIHHAPHIECKOH CHCTEME KO-

- =0 239:10%
opmmrar exkrop H umeer oany coctassiouyio H = —————Co0S/r;.
r
HaifTH MArHWTHEIi [OTOK 4epe3  MOBEPXHOCTh,  OTPAHHYEHHYIO
T b2
IMMG MMW 0 <z <1 (puc. 7.15).

Puc 7.13 Puc. 7.14
7.20. Tlo nByM GECKOHEYHO
JUTHHHBIM MPAMBIM MapalieNbHbBIM
MPOBOAHAKAM, PacCTOAHHE MEHITY
KOTOpHIMH d=15 cM, TEKYT TOKH
I;,=70 A uf,=50 A B OfiHOM Ha-
npasneHud. OnpeaenuTh MarHuT-
Hyio HHAyKumMio B B Touke P, yna-
nennoi Ha r, =10 eM oT nepso-
ro ¥ Ha r, = 20 cM OT BTOpOTro npoBojiHKKa (pHc. 7.16.)
7.21. MaruutHas uHaykus B mwa ocu Topomia Oe3 cepreuHHka
(BHemHuii auamerp Topouna dy = 60 cM, BHYTpeHHHH — d> = 40 cM), co-
nepwaiuero N = 200 BUTKOB, coCTaBnseT 0,16 mTa. [onb3yacs TeopeMoii 0

Puc. 7.16

upkyasuMK BekTopa B, onpeenuts cury Toka B 0GMOTKE TOPOHAA.

7.22. B 0JHOPOIHOM MArHHTHOM none ¢ uHaykuuek B8 = 0,1 Tn no-
MelleHa KBa/paTHas paMKa ruiomansio S = 24 cM’. Hopmans K IUIOCKOCTH
PaMKH COCTABJIAET C HANpaBJeHWEM MArHWTHOrO MNOjA yron 60°, Onpee-
JHTH MOMEHT TMaphl i/l (BPAIIAIONMA MOMEHT), ECITH N0 paMKe NPOTEKAeT
Tok I=1A.
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7.23. Tlo nBYM napaieNbHBIM MPAMbIM
NPOBOIHKKAM WIHHON [ = 2 M KaxblH, Haxoas-
uIMMCs B BaKyyMme Ha pacctosuum d = 10 cM, B
NPOTHBOTONOXKHEIX HANPaBJeHHAX TEKYT TOKH
5y =50 Aul,=100 A (puc. 7.17). Onpepenurs
CHTY B3auMOelCTBHA TOKOB.

7.24, 3apano none BEKTOpa
= o« WX | 2y

X B= m.mﬁﬂsl@m 2¥Z, (T). Haitmu

2 Z 2
\\ B MONMHLIIA MarHUTHBIH MOTOK BEKTOpa B Hepes
0 MOBEPXHOCTh, OrPAHHYEHHYK KOOPAHHATAMH

z=0; 0<y<oo;0<x<2m(puc. 7.18).
b
Puc. 7.18

8. INIOCKHE 3JIEKTPOMATHUTHLIE BOJIHBI

[Mnockoit oAHOPOAHOH HA3BIBAIOT BOJNHY, MOBEPXHOCTH paBHbIX (a3
KOTOpOii npeacTaBisoT coboit cemeHcrBo HNOCKOCTEH, NEpPNEeHAHKYIAP-
HbIX K HaNpaBJIecHHIO PacripoCTpaHeHHs BOJHBI, & AMIUTHTYAbI BEKTOPOB
[oN1sl BO BCEX TOYKAX BOIHOEOTO (ppoHTA HeM3MEHHbI. KOMIUIEKCHBIS aM-

TUTHTY Dbl ma_ nw H n TUIOCKO#H OAHOPOAHOH BOJHBI YAOBIETBOPAIOT OJHO-
POHBIM BOJIHOBBIM ypaBHeHHAM [enbMronsia

V’E +k’E,=0; V’H,+kH,=0 (8.1)
H B CTy9A€ OTCYTCTBHA NMOTEPhL MOTYT OBITE MPEACTAB/ICHD! B BHAE:
E,=Ee e, H,=(E/2)e"h, & L (8.2)

rae K = @+[€,H4, - BONHOBOS YHCIIO;

(0 - KpyroBas 4acToTa;
Z.=qH, \ £, - BOJHOBOE COTIPOTHBAEHHE CPEbl;

Z — KOOpJHHATA TOYKH HAa HATIPABJICHHH, BAOJB KOTOpOTro pacnpoctpa-
HACTCA BOJTHA,

BekTopsl nons EwH repreHaAuKyIApHBl APYT K OPYry H K Ha-
NPAB/JEHHIO PACTIPOCTPAHEHNS BOTHEL, OHU KoneOmoTcs B dase i 06pasyioT
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¢ sextopoM [loHHTHHra Npasyi0 BHHTOBYIO tpoiiky. Bektop INolHTnHra
JRAAETCS YHCTO BeulecTBeHHOH BenuanHoi. CpenHee 3a MepHoa 3HA4YCHHE
ero BeNW4YHHbI paBHO

== H = L - 2 =

.mu.&u HMW@M@E QH mmaNﬂNn ) (8.3)
(azoBas CKOPOCTb M CKOPOCTb TESpeHOCA ZHEPTHH MN0CKOH OJHOPOIHOM
BOJTHBI COBNAAIOT CO CKOPOCTHIO CBETA B laHHOM cpene

= HMN..HIrnl, (8.4)
w

| == ey 2
e ey
Uk Jeu NET
e W — [UIOTHOCTh IHEPTHH NIEKTPHUECKOr0 W MArHHTHOrO nosiedi, papHas
12 2
2 AL
2 2

[lpu pacmpoCTpaHeHHH TUIOCKOH OIHOPOIHOH BONHLI B CPEAE C MO~
TepAMM BOJTHOBOE YHCIO k CTAHOBHTCA KOMILIIEKCHOH BeJHYHHON

k=p-ja,

- (8.5)

EH,
=@
rae a\ 2

AJ: +1g’A+ L - koo runenT (assi,
a = eg h.swtn J1+1g°A - L - k03 OUUMHEHT 3aTYXAHHUS,
g

g/ = —— - TAHTeHC YIAa JNEKTPHISCKHX NI0TEPb;
e,

O - NPOBOIHMOCTb CPEIbL.

—

KoMruiekcHbIe aMIUTHTY bl BEKTOPOB NOMA E_ w H, nnockoii onxopon-

HOM BOJIHBI B CPee C MOTEPAMH NpPH YCIOBHH OPHEHTALH BEKTOPA H
BJIONTh OCH Y XCKAPTOBOH CHCTEMbI KOOPIHHAT MOTYT ObITE NMPEACTABACHD B

BHIE!
5 —z -z jAI2=
E, = H,ZJcosAe ™ e ek,
7 . -az —~jfz=
H =H.e ey,

TMosepxHocTH paBHBIX (a3 ¥ PABHBIX aMIIMTY/ COBMAAALOT, OTHDIIEHHE

(8.6)

xomiiekeHbIX ammmityn sextopos E, w H, cranosutcs senutmHOH
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Y ‘
Z = Mﬁ = wﬁombmba. 8.7

4YTO FOBOPHT O TOM, 4T MexXxy Bektopamu £ n H,, wmeer mecTo casur

KOMILIEKCHOM

no (aze, pasHbiil no Benwanne A/2 U MEHAIOWIKICA B Npeieax ot 0 no w4
B 3aBHCHMOCTH OT BEJIMYHHBI YAETbHOI NMPOBOAMMOCTH Cpelibl G. Pa3opasd
CKOpOCTH CTAHOBUTCA MEHBIIIE CKOPOCTH CBETA

Vo = mm % w ? w ; (8.8)
[t a ]

[pHYeM AMEET MeCTO 3aBHCHMOCTh (asoBOif CKOPOCTH OT 4acToThl. Takoe
CBOMCTBO HOCHT HA3BAHME JMCMEPCHH, @ Cpelbl, 001aal01I1e TAKHM CBOH-
CTBOM, HA3BIBAIOTCS AMcrieprupyromumu. Bexrop [ToHHTHHIA B 3TOM CIly-
qae OKA3bIBAETA KOMIUIEKCHOM BEHIUHOM
= ) S 1 i
1= |EH' |= mﬁ_w
KoMIutexcHas amIUTHTyZa MIOCKOH OAHOPOAHOH BONHBI, Pacnpo-
CTPaHAIOLIEHCs B MPOH3BOILHOM HanpaBJieHHH ! (puc. 8.1), MoxeT ObiTh
NpeJcTaBiieHa B BHIE!

H, =H,e?" = Sm-;?ae&sa.x&sW\c, (8.10)

- rje X, Y, Z — KOOpAMHATH TOYKH Habmone-
aus M,

(X,,2) Py Py P, — yriml, obpa3oBaHHbIe HaNpas-
NeHHeM pacnpoCTpPaHeHHA BOJHBI H COOT-
BETCTBYIONIHMH OCSMH JAEKapTOBOW CHCTE-

y MBbl KOOD/IMHAT.

INpu najeHHnA TUIOCKOH OAHOPOAHOH

BOJIHBI Ha IUIOCKYIO IPaHHIy pasjena cpef

Puc. 8.1 ko3 puuHeHTL OTpaXKeHHs R U MpoXokae-

nna T onpenensiores popmysnamu @perens. [Ipa 3TOM ceyeT pasiniarh

m&n..mu?_.uma [ (8.9)

HOPMATBHO NOJNAPUIOBAHHYIO BOJHY — BEKTOP E nepnenaukynspes K
nnockocry nagenus (puc. 8.2, a) M napauieNbHO MOJSPH30BaHHYIO BOJ-

Hy — BEKTOp E mnapannenen nuiiockoctn nanenus (puc. 8.2, 6). [Toa nnoc-
KOCTBIO NaaeHHdA TOHHMAIOT IUIOCKOCTh, MPOXOAALIYI0 Hepe3 HOpMalb K

57

rpaHMle pa3fena M Hanpas/ieHHe pacrpoCTPaHEHHA BOHLI (sextop Ilofin-
THHTA).

m._n_ 3 »RE
m._nu L] %hnw -3
H
T
X
a [§]
Puc. 8.2
J1ns HOPMAIBHO MOJAPH3OBAHHOH BOJHDI dopmysl Pperens WMelOT BUA:
Z . cosep—Z.cosf 2Z ,coS
NFH c2 .__ﬁ n_o ) H_." c2 Q : Aw.:u
Z_,cosp+Z,cosf Z.,cos@+ Z, cosb
ona =mﬂ§hgv=0 —._Ohhﬂ:uOWN:EQﬂ COOTBETCTBEHHO!
_Z,cosp—2Z,c080 2Z,.,cos@p . @12)

it Z,cosp+Z,c080° ! , Z, cos@+ Z,cos0

B npHBeAeHHLIX Bhime GOpMyNax () — yroi naaeHus, 6 — yron npesiomne-

His. CBA3b MEXKIXY HHMH YCTAHABIHBACTCA 3aKOHAMH nﬂg:_dam“

1) yro NajeHns paBeH yriy OTPaKeHus @ =7 - ¢ ;

2) OTHOIICHHE CHHYCA yTJia MPEJTOMICHHs K CHHYCY yr/ia NAJICHA LA
IMAIEKTPHKOB €3 nmoTreps PaBHO OTHOLIEHHIO rioKasaTesieli NpesioM/IeHHA
cpea (s auaneKTpudeckux cpen 6e3 noreps):

sind_m _ o 8.13)
sing m ,\m
3anaun

8.1, Mnockas rapMoHMYecKas NHHEHHO MONAPH3IOBAHHAA INEKTPO-
MArHHTHas BOJHA PACNPOCTPAHSETCH B HEOrPAHHYCHHOM MPOCTPAHCTBE B

HanpaslEHHH 2. h:whoginnﬂm.a NpOHHUACMOCTE CPE/bl 7 £(), Mar-

HUTHAA TTPOHHLAEMOCTE Hg = HO- VesnpHas npoBoauMocTh ¢ = 0. AMmiH-
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Ty/la HANPAKEHHOCTH anexTpraeckoro noas £, =50 MB/m. Yraosas yac-
tota ® = 10° 1/c. CoctaBuTs ypapHEHHE BONHEL W OTIPEACIIHTS €€ napamer-
phl. OnpenenuTs Benwuuny U Hanpasiesue sexropo £, [T, miorsoctn

TOKa CMelieHus O .

X 8.2. B none nnocko# BOJIHE], pacnpocTpa-
F
- HAIOLIEeHCS BIO/L OCH Z ¢ YaCTOTOH (O M aMIUIH-

tymoii E,, pacnonoxeHa miockas pamka

11 q PasMepavu CTOpOH @ H b (puc. 8.3). InockocTh
3 . pamku nepnexaukynspHa x H . 3anucars BbI-
H -

b 7 Paxesue s 3J1C, KOTOpyl0 HABOAMT 3JIEK-

\% TPOMArHHTHAaA BOJTHA B 3TOH pamke.
Puc. 8.3 8.3. ITnoTHOCTE MOTOKAa MOLLHOCTH 3JUIHII-

THYECKH TIONIApH3OBaHHOH BONHEI paBHa 20 B1/M”. BBIMHCIIHTb TJIOTHOCTS

MOTOKA MOUIHOCTH A1l OPTOTOHAIBHBIX KOMIIOHEHT, €CNTM OTHOLIEHHE OCceH

smnunca monapuzaunn 0,5, a casur a3 Mexay OpTOroHaIbHLIMU COCTAB-
nsrorEva 90°,

8.4. Ha myTn BOIHBI BhijieNieH KyOuve-

ckuit ofbem co cropoHoit @ = | M (puc. 8.4).

HaiiT 3aKNI0OYEHHAYI0O B HEM CPEJHIOI0 IHep-

I FAK 3EKTPOMATHHTHOIO MOJA, €CAH aMIUiH-

L —+ 1 ~»  1ynasexkropa £ cocrasnser 1 B/m.
a\, 8.5. Inockas 3JMEKTPOMAarHMTHas BOJ-
Ha& pacmpocTpaHseTcs B CyXoM rMouee ¢ napa-
Yy MEeTpaMK: yIenbHaA TIPOBOAUMOCTE
Puc. 8.4 ¢ = 0,0010 Cm/M, auaNEKTPHYECKAA OTHOCH-

TenbHaA NpoHHLUAeMocTs & = 4, Onpeleants ko3bdHUUMEHT 3aTyXaHusd,
($as0ByI0 CKOPOCTh M JUIKHY BOJHBI UM HacTOThI 15-10°T'u, Haifti pac-
CTOAHME, Ha KOTOPOM aMrutHTyia nons y6uisaetr 8 100 pas.

8.6. TlokasaTk, uTO 33/laHHbIE BhIPAKEHHA HE OMMCHIBAIOT COCTaB-
JIFIOUIME TIOCKOH BOJTHBL B BaKyyMe:

E=10e*%, H=3.10"e"%y,.
3.7, 3anucaTh MrEOBEHHOE 3HaueHue BexTopa IToHHTHHra MIOCKOH
BOJIHBI, PACTIPOCTPAHAOIIEHCS B cpelie C MapaMeTpaMu M = 107 pan/e, Eg =

= 2gp, Mg = Ko, © = 2 Cm/M. CnpenenuTe MOMEHTBl H3MEHEHNA HanpasJie-
HHg BexTopa [ToHTHEra BOJIHEl HA MPOTHBOTIOJIONKHOE.
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8.8. OnpenenuTs napameTpsi cpebl €3 noTeps, B KOTOPOH pacrpo-
CTpaHAETCs BOJIHA, ECJITA _m.s\ma =40 Om, A = 0,25Ap, Ao — ANHHA BOJIHBI

B BAKyyMe.
8.9. BriuncauThk Ko3(DGHULIACHTE 3aTyXaHHs LA MEIH H CTeKIa Ha

T ey -12
wactorax f= 10 'y, 10° 'y, 10" ', 6, = 5.6:10" Cu/M; Oy = 1077 C/m.
8.10, OnpenennTs, Ha KAKOM PacCTOAHHH OT HCTOYHHKA MIIOTHOCTD
[IOTOKA MOILHOCTH TUTocKOi BonHbl ymerbinutcsa B 100 pas. [lapamerpsl

cpenbl: €5 = €0, g = H0: O = 107 Cm/m. PaGouan wactota f=10° '
8.11. OnpenenuTe TONIOVHY 3KpaHa, OCNAGIAIOMIEr0 HAIPIKEH-

-6 =
HOCTB Nosis Ha 60 0B, TMposoammocth Marepuana o = 107 Cm/M; g = Ho;
f=10°Tn

8.12. JiMHa BOJHBL, PACTPOCTPAHAOUISHCA B BO3AYXE, COCTARISET
1 M. KakoBa A7TMHA BOJNHB! Ha Toli e 9actoTe fB Menm, cBHHUE? Oy =

=5,6-107 CM/M; Gpg = 0,48:107 Cm/m.
8.13. I'Ltockas 3/IEKTPOMArHHTHasA BOJHA paclpoCTPaHAETCA B cpene

¢ mapameTpaMu £g = 16€g, g = Ho, © = 107 Cwm/m. Onpenenuts, Bo
CKONBKO Pa3 YMEHBUIHTCA aMIUTHTY A [0JA BOJIHEL HA KaXkable 10 M npoii-
nenroro paccrosuz. f= 10° ',

8.14. OnpeaenHTh, HA KAKOM PacCTOAHWH OT HA4ala KOOP/AHHAT am-
IUIHTY/Ia HATIPSDKEHHOCTH MEKTPHYECKOTO MO/ YMEHBUIMTCA 110 0,01 cro-
€ro nepaoOHauATbHOrO 3HadeHua. Ilapametpst cpenst &= 10, p =1, f=

10* 'y, o=102Cwwm, E, (0,0,0)= 5107 B/m.

8.15. Tnockas 3NeKTPOMarHATHas BOJIHA, z
PacnpoCTPaHAOUIAACA B Cpele ¢ napaMmeTpamH E
€q = 480, g = Ho, O = 0, NafAET HOPMATHHO 11

(puc. 8.5) Ha IJIOCKYIO [PAHHILY pasaena ¢ Hie-
aNbHBIM [POBOTHIKOM. OTIPENeNHTh IUIOTHOCTE
NOBEPXHOCTHOTO TOKA Ha TPAHHYHON MIOCKOCTH.

Amnautyna najaomeii ponus — £, . Puc. 8.5

8.16. BonHa, NojApH30BaHHAA 110 KPYTy, TajJaeT Ha PAHMIlY ABYX
HHANEKTPHKOB, Yemy paBHAETCA OTHOUIEHHE BOTHOBBIX COMPOTHBIEHHH
Cpen, ec/H OTPaXEHHas BOJHA JIMHEHHO NONAPH3OBAHA, 4 yron ManeHHA
@ = 30°? 3anucaTh BRIPAXEHHE /UTA OTPAKEHHOH BOHEI.

8.17. nockas mapaaieibHO MOJAPH3OBAHHAA BOJIHA, pacnpocTpa-
HAIOLIASICA B BO3MyXE, MAJaeT MO YIVIOM 7/4 Ha NIOCKYIo rPaHHLLy pasaena
¢ MaeansabIM npoBoaHKKoM (prc. 8.6). OnpenenuTs MIOTHOCTE NOBEPXHO-

£, =4¢g X
7777 77 =0
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CTHOro TOKa Ha —.ﬁm::&:bﬁ NAOCKOCTH. >Zﬂ=:.ﬂv§ﬁ nagaronei BOJHBI

E

{8
8.18. Tlmockas HOpMalbHO MONAPH3IOBAHHAA 3/EKTPOMATHUTHAA
BOJIHA, PAacTIPOCTPAHAIONUIAACS B CPefie C MapameTpaMu £(, H(, NajaeT Mo

o
yriiom 45° Ha TUIOCKYIO IPaHMLY pa3jieNia ¢ HAeabHBIM IPOBOAHHKOM (pHC.
8.7). OnpeneyuTh MJIOTHOCTH NMOBEPXHOCTHOTO TOKA HA rPaHWYHOMN Mo-

BEPXHOCTH, €C/TH aMIUTHTY 1A najaloileii BoJIHbI .mw.a .

NS Rl

X
CLLAA ey L TR

Puc. 8.6 Puc. 8.7
8.19. B cBofonHoM NPOCTPAHCTBE 3aNaHbl MTHOBEHHbBIE 3HAYCHUS
BEKTOPOB  3nektpomarmuteoro  moms:  H = H,cos(wt — ky)z,;

-

E =—-1207H, cos(et — ky)X, . 3anucats, BbipakeHnne 1% MIHOBEHHO-
ro 3HaveHns Bextopa INoiHTHHIa U HaliTu ero cpeHee 3HAUEHUe 33 NePHOL
konebauns, ecnu H, =2 A/m.

8.20. Onpenenuts riayOHHY NPOHUKHOBEHHSA MIOCKOH BONHBI ¢ 4ac-

Totoit = 10° I'u B cepeGpo (o = 6,14:107 Cum/m; HKa = Ho). Onpenenuts

JIHHY BOJIHBI, (pa30BYIO CKOPOCTH, KOI(MUIHMEHT 3aTyXaHus H K03 PHIn-
eHT ()a3bl BOJTHEL,

8.21. OnpenenTh, BO CKONBKO Pa3 YMEGHbUIHTCA AMILIMTYIa TUio-
ckoi BonuBl ¢ uactotoit f=2:-10° I'u npw pacnpocTpaHenwy ee B cpeze ¢

=3
napametpamu ¢ = 107 Cm/M, €45= 2, H,y = | Ha paccTOSHHM B 1M.
8.22. B cpene ¢ OTHOCHTENLHOM MarHHTHOH MPOHULIAEMOCTLIO [ =1

HaliTi € ¥ ®, cc B 3ol cpene £ =30mex u.ﬁéalm.rw Z, B/m;

3

3

8.23. B cBoDoJgHOM MPOCTPAaHCTBE BEKTOP MATHUTHONH WHIYKIMH

H =1,0ex u.ﬁaxlmu\zmc A/m.
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k
B =B,e’""**?3, . Hcnomssys sropoe ypashenne Maxcseina (3akoH
3JIEKTPOMarHUTHOM HHIYKIHH dapanes), NMoKa3arhb, 4TO

- o .
s Har+kz) =
E= T B,e X

8.24.B HEOTPAHEHHOM mpocTpaHcTBe € mapaMeTpamH U4 =1,

= 50 ekrop E =207me’® 7%, mextop B = y,H, e’ "*?3,.
Haittu @ m M, ecau uimna sonsst A = 1,78 M.
8.25. B  cBobGoaHom NpOCTPaHCTBE  3aJaH  BEKTOp

E = E, sin(ot —kz)y,. Wcnomsys sropoe ypasHenne Maxceia,

HaWTH BEKTOP H. H3obpasuts EwH npu £ = 0.
8.26. B cBOGOHOM MPOCTPAHCTBE C MPOBOAMMOCTBIO G = 0 HM3BECT-

.:E:wnwi

wonone H = H e . Ucnone3ys nepsoe ypasHenne Makcsenna,

HANTH NEKTPHYECKOE 10JIe E.
8.27. B cBOOOAHOM NPOCTPAHCTEE BEKTOP

D= D, sin(@t + kz)X,,. cnonsays ypasHenne Makcpesuia, Mokasats,

= o, D,
9T0 BEKTOp MarHuTHOH uRAyKunn B = — E.M.. " sin(a@! + kz)y, -
8.28. B csofonHoM MPOCTPAHCTBE B HANpaBjieHHW OCH Z pacipo-
CTpaHAeTCA riockas BOJTHA c HATIPAKEHHOCTHIO

MAN.OHAQ cos(wt — kz)X, B/m. Haiit cpemnee 3HaueHMe BEKTOpa

IMoMHTHHIa W €ro TMOTOK 4epe3 MuoMWAAKy paanycoM 3,0 M, neprerIuKy-
IAPHYIO K OCH Z.

8.29. Haittn (a3oByro cKkopocTh, KO3pdHUMEHT pacrnpoCTpaHEHHH,
a Taxke rnyOHHy NPOHHKHOBEHHA BOJHBI B AMOMHHMI Ha 4acToTe
f=16MIg ecmpu=1,6= 38,2-10° Cm/m.

8.30. B cpene ¢ napametpamu &€= 4, 4= 1, ¢ =0 pacnpocTpaHser-
CA TUIOCKas 3JEKTPOMArHHTHAA BO/HA, KOMIUIEKCHasd aMIUIMTyAa BEKTOpa

HANPAXKEHHOCTH AJIEKTPHYECKOro [ONs KOTOpOH B ILIOCKOCTH Z = 0

E=0 ,5%, +0,2),. Onpenennts KOMIIEKCHYIO aMIVIMTyAy BEKTOpa

HAMPAKEHHOCTH MATHHTHOTO Nons, eciu Z > 0.
8.31. OnpeieuTh NOCTOSHHYIO PACTIPOCTPAHEHHS MIIOCKOH BOJTHBI,
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pacmpocTpaHdlolieiica B cpele ¢ rapaMeTpaMu & = B el
o = 0,25-10"% Cm/m, ecu wacTora sonms /= 1,6 M.
8.32. Tlnockas  3NEeKTPOMAarHHTHasA

£os Ho Om BONHA C 3NEKTPHYECKON cocTaBjAIoLIeH

Q..H.Q -az :b: kz)=
m.a 7 E =1,0e X, B/m n uactoroif
f = 100 MI'u magaer u3 cBOGOAHOrO Mpo-

Eiamemin it
Hanpanneuue CTPAHCTBA Ha MemHYyw cpemy (O =
pacrpocTpaHEH s = 58-10° Cm/m) B HanpasneHnn z > 0 (puc.
8.8). OueHuTh 3aTyXaHHE BOJHBI B MPOBOXHN-
Puc. 8.8 ke (B %) Ha PacCTOAHHH TTyOHHBI NPOHHKHO-
senws d v 5d.

8.33. Onpenenwth atAEy BONHEL A W (ha3oByw0 CKOpOCTh Vg
3MEeKTPOMArHUTHON BOJTHEI, PacTpocTpausiolleiics 8 cpene Ges norepk C
e=pu= 10, ecmm f= 10 MI'u.

8.34. Beiumcants (azoByi0 CKOpOCTh, KOIQPHLUHEHT 3aTyXaHus H
r1yGunHy NPOHHKHOBEHHS A TUIOCKOH BOJHBL, _umnnuco._.ﬁmmﬁo_nnmnm
wacToTol 10 MI' B MeTasiie ¢ napaMeTpamn o = 5-10 Cw/m, = 1,8= 1.

8.35. B BonHe, pacnpocTpaHalonmeiics B cB0OOIHOM NMPOCTPAHCTBE C

tasosoit nocrosuHoi 30 pan/m 8 HanpaBJ/IeHHH OCH (— Z,), u3BeCTHA aM-

1
wmryna sektopa H = Wi A/M. 3anucaTh BbIP@KEHHA M8 MTHOBEHHBIX
w

3JHAYeHui1 BEKTOPOB Ew H , eciu npu = 0 u z = 0 BeKTOp H wanpas-
aes 10 ocH (— ¥, ). Onpenennts 4acToTy H ATHHY BOJHBL

Oraetsl

I'nasa 1. BekTopsl

2 XX, + W, + 22
14.419%1.6. 4x* = y* =15;19. 73 1.10. — 7= uwe N
Aam+w_ +z vu
1.13. 5,4%, + 7,35, — 4Z,; 1.14. A; 1.15. {149 ; 1.16. V/165;
117, J76 ; 1.18. 2x + z; 1.19.300; 1.20. —e™*"; 0; 1.21. 10;
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1.22. -3,5; 1.23. -1 - sin @; 1.24. 0; 1.25. - 8,84-107%; 1.26.4z; 1.27. 5;
128. -1 1.29.24,14; 1.30. 7; 1.31.3-2y; 1.32.- 8; 1.33.5; 1.34. 4;

1.35.-2,6; 1.36. Jﬁ+8m3 1.37.3 +7; 1.38.1,25;

=10r

13¢
=

1.42. AF[r; 1.44.36 m1.45. 20 7; 1.46. 3 wa’h; 1.47. 80/3;
1.48. 129,4; 1.49. 75 ; 1.50. 589,1; 1.51. 800 7; 1.52. 4; 1.54. 4 7';
1.55.2 wa; 1.56. 0; 1.57.0; 1.58.0; 1.59.3; 1.60. (2yz — x? &, + 2x2Z, ;

1.61. X, — Py —Zy3 1.62.0; 1.63. 0,5Z,; 1.64. — 2,57, —0,34Z,;
1.65. 16¢7° (1= 57 )@, 3 1.66. 5@, ; 1.67. 4,337 = 2,56, +1,25¢, ;
1.68. — 57, ; 1.70. 0; 1.71. 3; 1.73. 0,3687, + 0,232, ; 1.74. 0.

1.39. 4rsin@ + ——ctgd; 1.40.20+r,0; 1.41. 8™ ctgl;

I'nasa 2. OCHOBHBIE XapaKTePHCTHKH 3JIEKTPOMArHUTHOI'O MOJIA:
3apsIbl, JEKTPHYECKHE TOKH, BEKTOPEI

2.1, pyria’ /s kn 22. 22 TJ\INM. K, 222 kn; 2r,a/7 Ko
n n

23.0; 24. pywasin® 0§, A pyora’ [2 A; 2.5. pyh’ [3a A;
266. 7,1, \mamon H; 2.7.-0,96:107" H; -1,05-107"7 m/c’;

or’ wa’ @ R
25 ST 2@y AM; —— PB4 . 29, dF;, = hiuua?aﬁ_us

a 3 4mr
2.10.20:10° H/m; 2.11.0,0021 B/m; 2.12.2 7 K; 2.13.5 7@ K;2.14.4TA;

2.15.2,0 A; 2.17. (1087, +144Z,) B/w; 2.18. 6000 B/m; 2.19. 7,51 MA;
220.2.2; 221. (- 0,144%, — 0,108Z, )H; 2.22. 2(2%, - 7, - 2%,) H;
2.23. 74,9%, ~ 487, — 64,97, Bim; 2.24. 18%, Biw;

225. (p, /2, ), B/M; 2.26.2.3-10* Kn; 2.27.-40-10° Kn;
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p.h 1 1 %+,
228, - +—1Z,;2.29. 13,5| —=— | H;
2¢, J\QM +B hJ" V2
3
2.30. 0,465| — qmﬁ_ H;2.31. Mmm.wi
3¢g,
2.32. -800 600 7T ._%o TT.

I'nasa 3. Cuctema ypasHeHuii Makcsenna

3.1.8,/4a’; 33. 9=-pHwcosot - a’
35. 3 =—p Hivsine; 3.6. H=(1/272)p, ;

2.«‘. £
378, o S gl Sofon

Q l&% (d, —vt) o

39. 9= Ny Habsinot -@; 3.10.p=3 knpu0<r<a;

p=0mpu a<r<wo; 3.1l bn.m.aim&;.uwmvm u;u.mu.mo“

E
313, & H_.e)\m.qtn § —> = |,:h“ 3.14. Ap = 1,5:10" B;
H, g

a

1
3.15.f=11,410" I'y; 3.16. muuhiﬁ __1 N:
2 |np+vi+b r+vt

: 2
5l bsinwt &_=w+am = wn.mn& 2

T r 2
dy y -
322.I,,=0,1-10°A; 323.]=8/wr A; 324. 0 =—Z, npur=<a;
~ _
5 =0 npn r>a; 3.25. E; =0,0042 BiM; 3.26. g =39,5:10° A;
i = Ly Sin 01;327. 9=21310°B; 328. p=—e "
p=0mpu r>2; 329. 3 =-0,025in10°t B; 3.30. p=40e";
3.31. 6= 1250 £in10"° 1 A/M%; Oy, = 22,1 cos10'° 7 A/M%; = 89,9-10° T,

3.19. 9=

npu0<r<2;
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I'napa 4. 'paHHYHbIE YCIIOBHA

42.y=cx; 43. B =B, e\msm a, (1, \FLM +cos’a, ;

= arctg|(1,, /s, Mg, |; 47.ps=€04; 4.10.€02= Earsin’ @1
411.1=0,6A; 4.16. H,=0,2510"° A/m;
4.17. D, = &,(10%, — 157, +10Z,); a1 = 54,2% a =29°;
4.18. Hy =7,12 Al ap = 70.3% 4.19. E, =-33%, + 43, — 6Z,;
420. 1 = 5,57; H, = (1/ 1, X0,2%, + 0,55, + 0,545, );
421, H, = m_mma +63,; 422. 8, =(1/ 1, 3,725, —9,28%,);
423. E, =(1/£,X1,25%, — 47, + 6Z,); 61 =22.6° 62 = 9,83";
424, %N =8,13% 425. E, =-3%, + 45, — 0,5%,;
4.26. D, = 58,(2%, — 37, +27,); 01 = 54.2° 62 =29%;
4.27. mm = (1 1, 8%, + 5,337, +40Z,)-107; @) = 74,5% a2 = 13,5°;
4.28. @, =arctg((e, /&, heol.

I'naa 5. Teopema [ToiiHTHHra

s4.r=2m; 55 @" = u,6°a*[32; 5.11. H =-3%,+2Z,;
5.18. IT=9,95:10° Br/m’;
5.19. [T =-2,73-107¢’%°%, - 1,785-107¢’"*3,;

mefﬁ@jqiza_o;;&.mlﬁ_;i
H=35,15 AMm.

Tnasa 6. DneKkTpocTaTHYECKOS MOje

63. r = 910° m; 64. E ubc%m,._\aam& D, = p,r’F, [4a;
E, = honu@\Awume ; @N = pya’ry [4r°




66
2 q
6.6. C ; 67.9= :
Aot ok 4re Na' + 2
m..u_ _J .m._um N.u
E-= 972y s 68 Bl 0 g :
Aﬁnﬁam +z VS 2ma’¢ vat +2°
q THT g
= a’+z" -
= 2m’e, g
r N d+(1-b) +(-b) gh
6.12. ¢ = In = 16.13. py ===
n_.m..ﬁ.a /\m..,?..wuib : 2ar
-rla 2
6.15. W=217 Jix; 6.16. hueEwm.:. W= 1|_1TH4 :
ra 8ma| Se, &,
6.19. @ = 35,6 B; 6.20. @) = 49,7 B; @2 = 60 B; 6.21. W= 147-10" [ix;
2
6.22. W=10,224 Jlx; 6.23. mimbh @ = |Wr+n.c§..
£ * bg
E ol o : [;m:l+na§f 6.25. @, — In2
2" dner? L 4z, r Lkl q..ame w_
6.26. W =2ne,pya; Q =4as,p,a; 627. E=L Zy:
Nﬂ_
— - IHN
6.28. D HEIm. K/m’; 6.29. ¢ = 100 B;
r
= 501, -
6.30.¢=50,1 Inr +3459 B; E ==—-(~F ) B/m; 6.31. =200 B;
r
ps=266-10° K/n?; 6.32. 9 =-250 B; 6.33. E =—10,537,/r® B/m;

D=-93210"F,[r*; 6.34. Bese wimlwﬁwf:& 7, K
r

6.35. 92— 91 = 125,5 B; 6.36. ¢ =—(pr?[4s, )+ Alnr + B;
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6.37. E =—3,717/r* B D =—0,1037% /1" sKaid;
6.38. A = 0,392 Jlx; 6.39. W=10%/(36* 1) [l; 6.40. W=1,51- 107 Jix;
6.43. po— ¢ =8,25B; 6.44. pA—¢PB=-4B; PAx=—-8B;

1 u mwm
@PBx=-4B; 645. E=—— n A lcosa + =%,
ame, \ ' nn n
e\ 1
["maBa 7. CraunoHapHOe MarHHTHOE noJe
u.. . 2 2
r 7 M.Q 5 Ihna._ . .M.H a\lth;.ﬂ -

7.1. H= c13. M, = ;
w~n~+w vtu a) My, 2 P

7.13. M, =Hd8%| 4 @EQMW . 7.16.9 = 6,44 BG;
b

7.17. D =1,61-10°B6; 7.19. D =424 B5; 7.20.B=17810°Tn;
7.22. M=207,6:10°H™m; 7.23. F=20-10"H; 7.24. @ = 1,59 B6.

I'nasa 8. [Tnockie AeKTPOMarHHTHBIE BOJIHBI

82. 9= moa—nom?a — kb)- oom&.,_u 8.3. IT) = 4 Briv?;

1 160
I, =16 Br/v*; 88. £, = —— O/m; 4, = —— Tw/m; 8.10.2=115m;
10c¢ c
1

8.19. I1 Lmoa.mMno%A&.\ @v.w? F, ummwm%ou

8.20.d=20410°m; 1=12810"m; vg=128 wc; a=p=49-10" Um;

Y 5
8.21. 1,085 pasa; 8.25, H = ——"sin (ot — kz )&, ;
z

c

sou.dl, = uu“ Z

k=22-10"e’" 1/m;d=64,410°m;

Buiw'; [I1,,d5 =60 Br; 8.29.vy=647wl;
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8.30. H = (~1,061%, +2,657,)-107 Am; 8.31. k=j9.48:107 Un;

8.32. 36,8 %; 0,67 %: 8.33.A=3m; vg=310" w/c;
8.34. vy = 1,414:10° w/c; @ =44,43-10° Iw; d=22510"w;
8.35. f=1431Tw; A=7m/15m.
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