MUWHUCTEPCTBO HAVKH U BBICIIIETO OBPA3OBAHMS POCCUICKOIA
®EJIEPALTNN

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIO/UKETHOE OBPA30OBATEJIBHOE
YYPEXJAEHUE BBICILET'O ObPA3OBAHUA
«PA3AHCKHUM T'OCYJAPCTBEHHBIN PAIMOTEXHUYECKWI YHUBEPCUTET
NMEHU B.®. YTKUHA»

Kadenpa «PaguoymnpaBineHus 1 CBI3M»

METOANMYECKOE OBECHHEYHEHHUE JUCIIAITIJIMHbI

«IJIEKTPOMATI'HUTHBIE ITOJISA 1 BOJTHBD»

Hanpasnenue noarotroBku
11.03.02 upokOMMYHHKAITMOHHBIE TEXHOJIOTUU U CUCTEMBI CBS3H

Hanpasnennocts (npoduib) HOArOTOBKU
«[IporpammHoO-annapaTHas HH)KEHEpHsI B TEIEKOMMYHUKALUSIX "MHTEPHET Beueil'"»

YpoBEeHb TOATOTOBKHU
bakamaBpuar

KBanuduxarus BeimycKHUKa — OakagaBp

®opmbl 00yueHUs — OYHas

Psszanp 2025 T



5141

MUHHUCTEPCTBO OBPA30BAHUA U HAYKH POCCUMCKON ®EJEPATIHH

PA3AHCKMIA FOCY JAPCTBEHHBIN PAJIMOTEXHUYECKH YHUBEPCUTET

JEKTPOAUHAMUKA
" PACITPOCTPAHEHUE
PAIMOBOJIH

C6HopHuK 3a1a4

Pazans 2017




VIIK 621.396
acrpOCTPAaHEHHE PaTHOBOIH: cOopHuk Sann/
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Ps3aH. roc. paaMoTexH. YH-T; COCT.: A.W. Bakynus, B.B. Karanemyo,

I'.I'. FOmamesa. Pasaub, 2017. 68 C.
ITpuBeneHE TEOPETHHECKHE cpefienns ¥ HaOOp 3a/1a4 MO OCHOBHEIM

pa3zienaM COOTBETCTBYIOMIEH NporpaMMbl
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Wn. 88. Bubnuorp.: 3 HasB.

oro Kypca ¥ 6akanaBpOB Hanpas-
A1MOHHBIE TEXHOJOTHH H CHC-
HKALMHA.

Onexmpomaznumnoe none, exmop Ilounmunza, nrocKas 601HA

ITegaTaerca MO pelIeHHIO _uobmx::o:_x_o-:uhmﬁo:rnxo_,o coseta Pa-
3aHCKOro rocyiapCTBEHHOIO panHoOTEXHUIECKOIo %::woﬁoaﬂ.ﬁw.

PelieH3eHT: Kadeapa pagvoynpasieHns u cBA3H PA3aHCcKOro rocyaap-
CTBEHHOr0  PAJMOTEXHUYECKOro  yHuBepcurera  (3aB. kadeapoii
C.H.Kupuiios)

DNeKTPOAMHAMHAKA U PacrpOCTPaHEeHHE PAHOBOIH
Cocrasutenu: b a k y 1 v B AHatonnii HBaHoBHY

K araune sk o Boprc BacuibeBny

O M a w e B a lanuna [aBpriIOBHA

Penakrop P.K. Manryrosa
Koppekrop H.A. Opsiosa
IMoxnucaro B neuats 28.09.17. ®opmar Gymarn 60x84 1/16.

Bymara nucuas. [leuats Tpagapersas. Y. ned. . 4,25.
Tupax 150 3k3. 3axa33378.
Ps3aHCKHIT rocy 1apCTBEHHBIN pasMOTEXHHYECKHH YHUBEPCHTCT.
390005, Psizans, yn. arapuna, 59/1.
Pe 1aKLHOHHO-H3AaTe bCKIH LEHTP PI'PTY.

[MPUHATBIE OBO3HAYEHWA

O603HaYeHNe KOOPAMHAT U eIHHHYHBIX BEKTOPOB
X,y,Z — NpAMOYTroJibHBIE (J€KapTOBB) KOOPAMHATEI;

X0» Y0» Z() — CAMHUYHbIC BEKTOPbI B ICKAPTOBEIX KOOPAHHATEX;
¥,(,Z — WATHHAPHIECKHE KOOPIHHATHI;
70> P0» 20 — SMHITHBIE BEKTOPBI B UATHHAPHICCKHX KOOpAMHATAX;

7,0, — cheprueckue KOOPAUHATEI;

m?@.o.&o — e[IHUYHbIE BEKTOPHI B CHEPHUECKUX KOOPAXHATAX.
Cucrembl koopaunat (puc. 1)

Z

X

Puc. 1. CHcTeMBbl KOOPAMHAT: a — IeKapToBa, O — WWIHHAPHYECKad, B - che-
puueckas

O6030a4eHMs BEJIHYHH

A — BEeKTOPHBIH MOTEHLMAN MOJISA;
m — MareuTHas MHAyKuMa, Ti;

C - snexrpuyeckas eMKocTsb, @;

¢ — ckopocTh cBeTa (3-1 0® m/c);

D — anextprueckoe cmetenue, Ki/m’;

E — HanpsykeHHOCTb 3JIEKTPHUECKOTO nois, B/m;
9 — 37EKTPOABIIKY A CHiIa, B;

f—uacrora, 'y

H — HanpmKeHHOCTh MArHHTHOTO N0, A/M;

I — cuna Toxa, A;
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S — obseMHas IIOTHOCTH TOKa, A/M%;

J5 — MOBEPXHOCTHAs MIIOTHOCTb TOKA, A/M;
i — nuHeHHbIH TOK, A;

L — uanyxtuBsOCTD, ['H;

M — B3auMHas WHIYKTHBHOCTD, I'H;

P — mommsocTs, BT;

O — no6poTHOCTS;
p — ofbeMHas MIOTHOCTh 3apina, Ko/’

2
ps — MOBEPXHOCTHAA TIOTHOCTD 3apAia, Ka/m?;
7 — nuHelHas IWIOTHOCTH 3apana, Ki/m;

F — paanyc—BEeKTOp;

7 — TeKylliee 3HaueHue PACCTOSAHHA B ChePUIECKOH CHCTEME KOOPAHHAT;

R — snexrpuueckoe conpotusienue, OM;

R — ynenbHOE TIOBEPXHOCTHOE COMPOTHBJICHHE, Om;

T — nepuon, c;

! —Bpems, C;

U — snextpuyeckoe HanpsKeHne, pasHOCTb MOTEHLINANOB, B;
Vo — (a3zoBas CKOPOCTH NEKTPOMATHATHOMN BOJIHBI, Mm/c;

v, — TPYIIOBAs CKOPOCTH HIEKTPOMArKHTHOH BOITHI, m/c;
W — sueprus, Jix;

Z, — BONHOBOE conpoTHBIEHMe, OM;

Z,, — XapaKTepUCTHYECKOE COPOTHBACHHE,OM;

@ — ko3 uuMeHT 3aTyXxanus, 1/M;

B - xoadpduument pasel, 1/M;

0 — yZieNbHas [POBOAUMOCTE, CM/M;

€ — IMDIeKTPHHIECcKas NIPOHALIAEMOCTh (OTHOCHTETbHA);
mmonektpudeckas  nocrossmas  (1/120 zc)

-9
10 —®0/M; )
361

£, — abCOMOTHAA IHINIEKTPHIECKan [POHHL{aeMOCTP,

) =

~ 8,854 . 1072 ~
D/M;

A — IJIMHA BOJIHBI, M;
Ag — IUTAHA BOJTHBI B BOIHOBOJIE, M;

u

3

J4— MarHUTHAs NIPOHHLIAEMOCTh (OTHOCHTENbHAS);
Mo — MarauTHas nocrosuHas (120 m/c), Tam = 1,2566:10° I'u/m;
1, — aGCOMIOTHAS MATHUTHAA TPOHULIAEMOCTb, I'H/M;

k — xo3ddpuiment pacnpocTpaHeHHs BOJHbL, 1/M;

1= Bektop IoliHTHHra, mizm

@ — maruuTHBIN 0TOK, BO;

¢ — noteruman (CKanApHbIii), B;

¥ — marauTHOE notoxocueriesue, Bo;

() — KpyroBas 4acTtoTa, pau/c;

R — xoapduument oTpaskeHus;

T — ko> duumenT npoxoxaeHns (MPeJOMIEHUS).

1. BEKTOPBI
HexoTopbie popMy/ibl BEeKTOPHOI anredpbl

CkaspHoe npousseerue BektopoB A u B
AB = ABcosa = A By + A)B,, + 4,8,

rae ¢ — yroj Mexnay HarpaBJIieHHAMH N uB.

BexTopHoe npou3Be/ieHue BekTopoB 4 n B B nexapToBo# chcTeme
koopaHHaT:

— = Ax B=riyABsina =
= %(A, B, — 4,B,)+ 50(A: B, ~ A;B.) + Fo(A.B, — 4,By),

- —

rae Hy — eIMHHYHBIH BEKTOP HOPMAIA K TUIOCKOCTH BEKTOPOB Au B, _
npuuem A, B n rg o6pasyioT «npaByio TPOIHKy» BEKTOPOB.
B kpaTkoii 3anucu
X0 Yo Zo
Tw =4, 4, 4}
B, B, B,

BekTOpHOe NPOM3BE/IEHHE HEKOMMYTaTHBHO —w\u = ,-—

BeKkTOpHO-CKaNsApHOE (CMEWIaHHOe) MPOM3BECHHE \n. BuC:




| 4, 4
.\w?@_p ?&: % .‘\% -\B, B, B,
¥ A << A .r.,

J{BOIHOE BEKTOPHOE NPOM3BEICHHE BEKTOPOB A, BuC:
{

1

l|3c |- Bac)-c(as)

O:m_uu.::: BEKTOPHOIO aHaJIn3a

Jlns MaTeMaTHYECKOTrO OMUCaHus (U3MYECKOTO COCTOAHMA TOYEK
MPOCTPAHCTBA BBOAAT MOHATHA CKATAPHBIX H BEKTOPHBIX NOJIEH.

OIHON M3 XapaKTEPUCTHK CKANAPHOrO MoJs () SBJIACTCH IPALUCHT
(grad @) — BexTop, MOKA3bI 3210UHH BENMYUHY M HanpaBJieHHe HaHOBICT-
peliliero BO3pacTanks CKaapHOro noJ.

HanpasjieHne rpajiiesTa BCeria NeprneHauKyIApHO K 3KBHITOTEHUH-
aJILHOW MOBEPXHOCTH (MOBEPXHOCTH PaBHOTO YPOBHS) M Napalie/ibHO Ka-
caTensHOM K CHIIOBOIT JIMHKK MOJIS B JAHHOH TOUKE.
_wumxmcqowo:.o:n:.zm...,\cﬁz:.Em,q (n.c.x.) (puc. 1, a)

dp. Op.  0¢.
==X Y0 R
ox oy Z

grado =
mEE::%:_RQ,E,*nso_.mZnxocn:::ﬁ (m.c.k.) (puc. 1, 6)

dp. 10p.  0¢.

gradp=—=ry +———@p+—-20
or rog 0z
B cepuueckot CHCTEME KOOPAHHAT {c.c.x.) (puc. 1, B)
op - 1 8@ = ] o0 -
grado = 2 0 LR 6o+ ———= = -0
or r 06 rsin@ 0@

b «P» B yucnutese ofo3HadaeT 1noTeHLMal, a «p» B 3HaMEHaTene —

(Bnec
C.K. M C.C.K.)

YIJIOBYFO KOOPANHATY B
JuddepeRuHATEHBIMU XapaKTePUCTHKAMA BEKTOPHOT'
KTOpHas BeJHIH-

o oyt A sB-

ASIOTCA CKaISpHas BENHYNHA — AHBEPreHLHA (div A) u e

Ha — potop (rot A).

3HaueHHe AUBEPTeHLNN
BAGMOTO TIONIA B 3a(aHHOM TOYKE MPOCTPAHCTEA.
eKTOPHOTO MOJA A BBIYUCIAIOT IMYTEM nndpepeH-

JIMBEpreHuyio Be
UMPOBAHUS ero NPOeKIi 1o COOTBETCTBYIOLIMM KOOpIAHHATAM.

paBHO UIOTHOCTH HCTOYHUKOB Umnnzw.ﬁﬁ«f

B nexapToso# cucTeMe KOOpAUHAT

- ~
.= O0A. O0A, 04
divd =—* + —~ + —=;
ox oy )

B ::.::::UZLCCT,O,M CHCTEME KOOpAMHAT

o 1 G/ 0
. o4
div/ Hl..lAi_.v+,1 e e
¥ Or ¥ oz
B chepHUECKOM CHCTEME KOOPINHAT
ol T 1 ©OA4 1 ) ]
divA=—|—I\r°4, ||+ S Y e in@) |
1 P G | R —-| —(Apsind) |.
r2| o rsind d¢ rsin€ NSA 4 v_

Eime % vans o N A0
Z1Ie OAHOM XAPAaKTEPHUCTHKOH BEKTOPHCOIrO IoJig ABJISIETCA poTOp B
. c:ﬁU.ﬁ:mOm_ CHUCTEME KOOpAUHAT

) z
0 ,v: “0

o ~ -

= g 0 0
rotA=— — —=
ﬂ% oy Oz
\M.q .\A_. A ,
_z[ 24 04, i3 04, 04,) (04, o4
. e ol R 4 e T
dy 0Oz oz ox) \ax oy
B :_,:::?..Su:_.zwnzcm CUCTEME ?.OOU‘H:Im._,
. (184, ©OA % % [8 ¢
T'0lA = l.,\ & o lmbl \.C + O\M.m. 1&..“‘1 %\- I_. N%HMNSIW mw\Aw >
{ -~ g - ¢
r op 4 0z Or r| or o 9
s -
B cdepuueckoit cucteme KOOpaHHAT
; 1 @? sin@ % )A. v
o= L[ Apsin®) agp]. 1f 1 o4, Sledy)ly
rsin@ 00 op r|siné g or 2
[ A T i
A[ele) 24,7,
rloar 00"

JluBepreHHs NPOU3BEACHUS CKAIAPa U BEKTOpa

S.«Asm vu @ divA— A gradg.
JluBepredums BEKTOPHOrO NPOU3BEAEHUA
div|A ih B rotA — A rotB.
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Eciu rotA=0, 1o mone sBIfeTcs NOTeHUMATbHBIM. BekrtopHoe

nose A, yAOBJNETBOPAIOIIEE BO BCEX TOUKaX paccMaTpuBaeMoit obnacTu

yenosuto divA = 0, Ha3bIBAETCS COJNCHOMIATBHBIM.
COOTBETCTBYIOIIHMHA HHTETPATbHBIMH XapaKTEPUCTHKAMH BEKTOP-
HOTO TOJf ABJSIOTCA NMOTOK BEKTOpa 4epe3 3aMKHYTYIO MOBEPXHOCTE H

LMPKYJIALHAS BEKTOPA 110 KOHTYPY.
[ToTokoM BekTopa A CKBO3b 3AMKHYTYIO MOBEPXHOCTH S nasbiBaer-
cs uaTerpan suna I1 = m‘.\m ds.
S
[{upKyJisumeli BekTopa A 1o 3amkHyTOMY KOHTYpY L He3aBuCHMO
OT (U3MYECKOTO CMBICIA BEKTOpa A waswiBaeTcs MHTErpal BHMIA

I = @. Adl.
L
SO._.O-A u :.xﬁ*nv\hn:.:n — BEJIMYHHDbI oxgmﬁ—ﬂu—@. w yaCTHOM OHVP-N@.

KOrja BEKTOp A WMeeT CMBICJI BEKTOpa CHJIBI, %xwwm:_.:v:\\_ HHTErpai Bbeipa-

*aeT paboTy CHJIBI TIO KOHTYPY L.
JludepeHnuanbHbe onepatuii Co CKaAPHBIMU ¥ BEKTOPHBIMH T10-

NAME yIOGHO 3amuCHIBATh C MOMOWBIO onepatopa ['aMiIbTOHA V . Mpu-
MEHUTE/IbHO K ckanspHomy Tiomo V¢ = grady , oTHOCHTE/IbHO BEKTOPHO-

ro mons VA = divA, —Q\M_n rotA. PoTop rpanueHta ??szuo. Jlu-

BepreHuus poTopa Q—Q\&u 0.
U3 nnddepeHuHanbHBIX ONepalyii BTOPOro nopAaaka B JMCKTPOAH-
HAMMKe 9acTo Mcrionb3yercs oneparop Jlannaca A . JUis CKanApHOro mojis

Ap =V’ =div gradp. s BEKTOPHOTO nosts

V= grad divA—rot rolA.
Oneparop Jlariaca B pa3/iayHbIX KOOPJMHATHBIX CHCTEMAX 3aMHChI-

BaeTCA CACAYOINM omvmuoz.
B /1exapTOBO# CHCTEME:
2 2 2
Vig L8 [T 00
Py @\N 2%’

B ExmhﬁimonQ CHUCTEME KOOPAHHAT:

.

N ~
s A8 f. apY, 1.0¢ 0@
81 oo [ o e e 1

ror\C or) r’op° oz

B chepraeckoil cHCTEME KOOPAMHAT!

1 8(,20 1 B0 P @

QNQHINI x~|m-w S T m_sml«.\w +|~||~|.|w|.
r= or or) r*sin@ 00 00) r°sin“6ogp
I'padudeck BEKTOPHbIE NOJIA H306PAKAIOT € MOMOWIBIO CHIOBBIX

JMEAH. B K@XI0H TOYKE CHIOBOM JMHMH BEKTOP MOJA KacaTeleH K Heh.
[ycToTa CMJIOBBIX JIHHWI COOTBETCTBYET MHTCHCHBHOCTH TOJA. Tudde-
PEeHLMABHOE YPABHEHHE CHJIOBBIX JIMHAI B €KapTOBOH CHCTEME KOOPAH-
HAT UMEET BHI!

dx _dy _dz
A, A4y A,
JUts peleHns 3aiau BEKTOPHOTO aHau3a 4acTo ObiBaeT ya06HO
G s 04 A
MONB30BaThes (popMyoi ['prna % Adl = lwlmla dy,
ox Oy
L S
teopemoii Ctokca @. Adl = %.c&&m.
L S
Teopemoit Octporpajickoro — ['aycca @. Ads = _.&Smn.c.
S V
3apnaun

1.1. U306pa3suTe Ha KOOPIAMHATHOH IUIOCKOCTH XOY Bekrop
A=25%)-6%.

1.2. [lokazate, YTO  BEKTOPHI A=43%)-2y9—-2) m
B= X +4yo —4Z( oproronanbHbi. Halith X cyMMy  pasHOCTb.

1.3. HaifTn cymMMy M pa3sHOCTb ABYX BEKTOPOB A w B. MNokazars,
4TO 3TH BEKTOPBI OPTOrOHATBHBI. A= 4% +2yg —229;
B=2%)-5y9—Z9.

1.4. 3anans! BekTopst A =2%) + 47 ; B = 6 — 42 . Haiiri Hau-

MEHBLUMH YroJl MeXIy HUMH.
Vkazanue: 1) uepe3 BEKTOPHOE NPOU3BEJACHHE]
2) uepes CKalsipHOE MPOU3BEACHHE.
1.5. Haiith ckanspHoe, BEKTOPHOE MPOM3BENEHUA H yroj MExay
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BEKTOpPaMHU AunB: A= 2%o—3y0: B= 2% —3Yo -
1.6. HaiiTi ypaBHeHWe JIMHHH YPOBHSA, NPOXOSAILEH 4Yepe3 TOUKY

2
M(2; -1) ans ckansproro nons f (X, ) = 4x* -y,

= W | B
1.7. HaifTu ypaBHer#e CasioBoi Jinauy Bektopa A = i X+ @ Yo+
- —
1.8. Haiitu ypaBHeHMe CHIOBOH JHIK BekTopa A = o X+ Mko ;
[ paduenm Gyuxyuu
2 2 2

1.9. Haiitit rpafiHieHT nmoTeHumana @ =y x- +y- +2
1

RN‘T.VN...NN

ro noresumana. OnpeaeTuTs Gopmy wzu::oaa__::»:v:zx :owovx:ooqom
1.11. 3amaHo ckaiApHoe Tmone @ = 3x2 ycosz— 2z% . Haittw
grad .
1.12. 3ajanHo ckanapHoe THONE suqxu \<~ sinz—3z> . Haiitn
grad ¢.
1.13. 3aman noveHupan @ =x” —z% . Haiitn grad ¢ B TOUKe

M(2,7; 2; 2).
1.14. Haiftn rpajMeHT CKaJspHOro NpOW3BEACHUA BEKTOPOB

A=3%+4y)—5Zp n F=x-3g+y'Jo +z-2.
1.15. :m_ﬂ:,: :w:mourESo CKOpPOCTh M3MEHeHHsA Mo,

1.10. 3apan noreduMan @ = . Haittu rpaauesT 370-

3a4aHHOTO

QyHximed @ =X +3~ +92° —1, B Touke M(1; -1; 0,5).

1.16. mmnq: :mxmo?ESo CKOpPOCTh M3MEHEHHA nons, 3aaHHOro

dyHsxupei @ = X3 —ax%y +52% + 3, B ouxe M(-1; 0,53 1)
1.17. Hatitu :m:mo:rEu:o oxovog.v U3MEHEHWA noss, 3aJaHHOro

byukupe @ = k.%w .z% B rouke M(1; 13 -

[ueepeeH gexmopa

= 2=
1.18. 3azaHo nojie BEKTOPa A=x"%g+y:2:Yo+xy-Z,. Haitrn

divA .

9

1.19. 3amaHo mone BekTOpa A= xme & A.« . kvmwd + MAkukwmumo

Haitru divA B TouKe (2::1; 1).
1.20. B obnactu 3ravenuii 0 < 7 < 2 LMIUHAPHUYECKOH CHCTEMBI KO-

OpAMHAT BEKTOP A HT&L +2e7% +Ax-.m£.$ﬁt anpu r > 2
= (2,057 ).

A= 7, . Haiitu divA B >tux obnactax.
r

1.21. 3azano none sextopa A = 5x°| sin 2% %g. Haittn divd B

2

To4yke X = 1.
1.22. B umnHHAPHYECKOH CHCTEME KOOPAKWHAT 3a/IaHO MoJjie BEKTopa

l.le

A=rsin Q-1+ p2 cos@-@y+2r-e . HaiiTu zuBepreHumio BexTo-

1.z
pa A Brouxe | —;=:0|.
2’2
1.23. B cdepuueckoii cucreMe KOOPAHHAT 3alaHO MOJie BEKTOpa

A MWN..WE%.M.O +7-ctgf- 0y + rsin@cos - @. Haitrn divA .
r

1.24. 3aniano none BekTopa A = e (cos x- ¥y —sin x- ji ). Haittn
divA .
ol e e ¥
1.25. 3anano mone BekTopa A =|x" +y va Xo. Haittu div4 B

Touke (2; 2; 0).
1.26. B umiuHAPHYECKOH CHCTEME KOODAMHAT 3aJaHO BEKTOPHOE

none A =rsing- o+ 2rcos@- @y + mwumo . Haiitn divA .
1.27. B unwniHapuyaeckoit o:o.a_so KOOPIHMHAT 3a[laHO TIOJIE BEKTO-

2
pa mu_ommzmﬁ.mo +x.&o+E-o Haittu divd A B Touke
r

2; ¢ 5).

1.28. 3azaHo BEKTOpPHOE N0J€
= 9L 10
A=—pod= % ~r’p-sin@- @,. Hatru divA .

r sin®

1.29. 3anano Bektopioe none A =5sin@- 6y + 5sin - @y. Hairn
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divA B TOUKE o,m“mmwmm
4 4
1.30. Sanaso nione Bextopa A = ¢ ¥3y+2c08 y-yo +2sinz-Zg.
Haiitu divA B Touxke (0; 0; 0).
1.31. Bapano nojie BEKTOpa A= ﬂwx + wm Wo + ﬂ\« = v\m Vmo . Haiitn
divA .

1.32. 3anaHo mone BEKTOpa A=2x-y-Fg+z- Yo+ NNMO. Haii-

m divA BTouxe (2; -1;3).
1.33. 3amano mone Bektopa A= 4x-y-Xg la.v\wwc +5sinz-Zzg.

Haiitu divA B Touke (2;2; 0).
1.34. B uMAMHADPHUECKOH CHCTEME KOOPAHHAT 3a1aHO fiofie BEKTOpA

A=2rcos’ p-Fy +3r¥sinz-@g+ 4zsin® @ 7). Haitru divA .

1.35. B WAMHPHYECKOH CHCTEME KOOPIMHAT 3a/1aHO [0Je BEKTOPa
A= ¢ 0/r? Yo +5¢7%%7,. Haittn divA B Touxe (2; ¢; 1).

1.36. 3anaHo moje BEKTOpa A=107, +5sin8- 6. Haittu divA .

1.37. 3anaHo noje BeKTopa A=r-fy- xmoﬁm%.wo. Haittu divA .

.2
- [10sin“@ |.. e
_.um.wgmmo_do:omnﬁov»mn wo.:mm._,s&ekw

r

T
ToukKe | 2;—:—
4 2
1.39. 3amaHo Mfojie BEKTOpa A= r2sin@ -1+ 1306 +2r - 9.
Haitri divA .
1.40. B obmactu 1 <2 LATMHAPHIECKOH cyICTEMB! KOOPIHHAT BEKTOD

g y =
N \m\ r, - Haiitu divA B o6enx

A= ~o~.+m| r,,ampur>2 A= 1287

ob6nacTax 7. 1
1.41. OnpenenuTh J(MBEreHUMIO BEKTOPHOTO Nojis 4 | ymerowero

B CpepuuecKOl CHCTEME KOOpAMHAT EMMHCTBEHHYIO  COCTAB/ISIONLYIO

.

11

Ag=8re”'; 4,=0; 4,=0.

1.42. Haiitu  AMBEpPreHIMIO  BEKTOpA B=A-r , Tme
7 = = = 2 2 2
A= A%+ A, Yo + 4,2, reyxt+y +z°.

1.43. B IMIHHZPHYECKON  CHCTeMe  KOOpAMHAT  BEKTOP
- (107

A= 2 ¥, . HaiiTu divA .

Ilomox éexmopa
1.44. Tlogcuwrath moTOK Bektopa A=X-y-Xg+2y-Yo—Z: Zg

CKBO3b TIOBEPXHOCTH CHEpHI x>+ v\n +22=9.

VKa3aHue: KCTIONB30BaTh CHEPHIECKYIO CHCTEMY KOOpPAMHAT.

= Sl
1.45. Tlogcuurats NoTOK BekTopa A =—5 7y CKBO3b chepuyecKyio
r
TIOBEPXHOCTb PAJMyCOM ¥ = a C LEHTPOM B Ha4ase KOOPAMHAT.
1.46. TloacuuTath MOTOK pajinyca-BeKTOpa

F=Xx-Xg+y Yo +2"Zp CKBO3b NOIHYIO MOBEPXHOCTH MpAMOTO KpYyrJIo-
O WHIHHIPA PAJHYCOM @, BHICOTOM h. Y6eaurthbcs B CpaBeiMBOCTH TEO-
pemsr OcTporpazckoro — I'aycca.

3
= 110
1.47. 3anan Bektop A= 3 X. HaiiTh noTok 3TOro BEKTOpa

gepe3 MOBEPXHOCTH Kyba ¢ pe6pom 2 M (-1 x <1); (-1=y <1); (-1£z <1).
V6enuThCs B CIPABEATMBOCTH TeopeMbl OCTPOrpaickoro — I'aycca.

~"Fy—2z+Z( CKBO3b MOBEPX-

1.48. HaifTi mOTOK BEKTOpa A=30e

HOCTB TMPAMOTO KPYIJIOTO LAIIMHIpPA paarycoM 7 = 2M, BBICOTOH /2 = 5 M.
V6enuThes B CIPABELTHBOCTH TeopeMbl OCTPOrpascKoro — ["aycca.
o GyR
1.49. Jlns mons D = ——7F, OLEHWTh Pe3yNbTaTHl BBIYMCIIEHUI NPH

4
HCTIONb30OBAHMK JIEBOM M NpaBoli uacTeidl TeopeMbl OcTporpaickoro s
06beMa, 3aKTOUEHHOTO MEXIY ABYMs ChepHiecKuMH MOBEPXHOCTAMH pa-
naycamu: ¥y = 1312 = 2.
- 5¢%

1.50. Haiiti noTok BekTopa A = ‘almo CKBO3b MTOBEPXHOCTH KOHY-
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ca, pa3Mepbl KOTOPOro ykasaHb! Ha puc. |.1.
1.51. Ucniomb3ys TeopeMy Octporpanckoro — ["aycca, HaiTH MOTOK

3
- 10r° .
BekTopa A = 7 ¥y CKBO3b MOBEPXHOCTH, OrPAHMYEHHYIO KOOPAMHATAMH

r=2:21=0; zp =10 wwmHIpHYEcKoH cucTeMbI KoopauHart (puc. 1.2).

X
Puc. 1.1 Puc.1.2

1 = 2 - 2
1.52. 3apan Bexrop A = xwg +(x- V) yo+24x"y
JUTH MOTOK 3TOr0 BEKTOpA uepe3 MOBEpXHOCTh KyGa ¢ peGpoM, pasHbIM
eNMHMIE [UTHHBI, W BEPUIMHONA B HaYale KOOpAMHAT. BBIMHCIMB HHTErpa
._.&?\m% , rae V — obvem xyba, yGeIuThCg B CTIPABETHBOCTH TEOPEMBI
%
OcTporpaackoro — I'aycca.
1.53. 3aman sexrop B = rot A . Ha¥ith moTOK 3TOT0 BEKTOpa 4epes

NNumo . Buiauc-

2 2 SN
nosepxHocTh ceppl X™ + Yy + 27 =a-.
1.54. TlogcuuraTh TMOTOK pajuyca BEKTOpa CKBO3b chepuiecKyio
TMOBEPXHOCTh PAZMyCOM (I C UCHTPOM B Ha4ale KOOPAHHAT.

._ ~§NRN\§~&§ eexmopa

= = X
1.55. Haiitn umpkyasimio Bexropa A HIMRQ +M Yo 1O OKpYX-

2 2 2
HocTH X“ + Yy~ =a”.

1.56. BuMHCIUTE UMPKYJSALHIO Pajnyca-BEKTOpa MO OKPYXHOCTH

x2+y?=a®.
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1.57. Ha#ith UUPKYNAUMIO BEKTOpaA

A =X-Xg +H~N¢z\o +.<~N.m° no KoHtypy L
(puc. 1.3).

1.58. 3anan BekTop NH%E&%. Bsruuc-

JIHTL LUPKYJSILHIO 3TOTO BEKTOPA MO OKPYKHO-

CTH xm+kwum~.

1.59. IToacuurarte HUPKYJISLIKIO BEKTOpa
A quINNvmo +Ak+wv_+~.vv..\o+ﬁx+kvmo Mo nepuMeTpy
TpeyronbHuka abe ¢ koopaunatamu sepmak a(1,0,0), 5(0,0,1), ¢(0,1,0).

Pomop eexmopa
1.60. Haittu potop Bektopa A = XX+ x%z. Yo + .vmn 2.
1.61. 3anano sexroproe none A = (- cos ax )%, + A\<+ e* W..c. Hait-
™ rot A B Hadane KOOpPIHHAT.
1.62. 3apano BEKTOPHOE nore
A= (cosx-sin )% + (sin x- cos )P . Hatru rot 4.
1.63. B umnmHapuueckod CHCTEME KOOpAMHAT 3ajaH BEKTOp

A=sin 2¢-¢y. Hatitn rot A B Touxe N“mwo

1.64. 3amano BextopHoe mose A =5e " cCos@- 1y —5cos@-z.

Haiiti 7ot A  Touxe NWWNWB

1.65. B cdepuueckoii cucTemMe KOOPAMHAT 3aiaH  BEKTOP

A=8re™ 1% .G, . Haitru rot 4.
1.66. B cdepuueckoit cucTeMe KOOPAWHAT 3a4aH  BEKTOP

anan%.m? Haiitn rot A B Touxe N“Wwo

1.67. B cdepuueckoii cucreMe KOOpAMHAT 3aMaH  BEKTOP

A= N,m.w.o + 5@ . Haiitn rot A B Touxe quwm“o

1.68. B umivHApUYECKOH CHCTEME KOOPAMHAT 3aJaH BEKTOP




14

A=5rsing-Z . Haiita rot 4 s1ouxe (2;730).

1.69. IHoxasarb, 4TO 7Ol rotA = grad div A-V2%A. Ias noxasa-
TeNbCTBA UCTIONb30BATh dopmyt BEKTOPHOM anreopwl
lax[f |- b(ae)-lab )= blae ~(ab

1.70. 3agaH BEKTOP B = rot A. HaliTi noTOK 3TOTO BEKTOpa qepes

2 2
[IOBEPXHOCTH CHeprl x%+ &N +z"=a".

1.71. Omnpenenus poTop
A=(x- 2z)%g + (x+3y+ 2)yo + (5x+ y)Zy, HaWtA  ero  TMOTOK

BEKTOpa

_.xeR ds | uepes noBepXHOCTh, OMMPAIOULYIOCH HA Tpeyronshuk abc ¢

S
KOOpAMHATAMH BEPIINH a(1,0,0), b0, 0, 1), (0, 1, 0).
1.72. B cepuueckoii cucTeMe KOOp/IMHAT 3a1aHO BEKTOPHOE roJe

NOOmmm i sin
0

xw xu
1.73. B MIMHAPUYECKON CHCTEME KOOpAMHAT 3a/aH BEKTOp

g w.o. Jloka3aTs, uTo rof A=0.

A=

\Num&N m:_Wl - @ . Haiitn rot A B TOUKE o,mwmwo‘m

1.74. B KOOpAHHAT  BEKTOP

chepudeckoil  CHCTEME

.

A =sin -y +sin 0 - @y . Haitta rot A Brouxe | 2; 5

2. OCHOBHBIE XAPAKTEPUCTHKH
IEKTPOMATHUTHOIO MTOJIA:
3APA/IbI, JIEKTPUUECKUE TOKH, BEKTOPBI

DIeKTPOMArHATHOE ToJe — 3TO 0coObl#i BAI MaTepyH, Cr10COOHBIH
PAcIIpOCTPAHATECA B BaKyyMe CO CKOPOCTBIO CBETA M OKa3bIBAIOIIMH CHIIO-
Boe BOIMEHCTBHE HA 3APMKCHHBIC HACTHLBI. Ouo mnpencrasiser coboH
@IMHCTBO JIBYX COCTABJIAIOLIMX — 3MEKTPHYECKOro ¥ MarHuTHOro noJnei.
OCHOBHBIMU XapaKTEePHCTHKAMH 3NEKTPOMATHUTHOTO T0JIA ABNAIOTCA 3apA-
b1, FIEKTPUYECKHUE TOKH, BEKTOPBI 10714,

15
3apsianl

3apsibl MOTYT GBITH pacrpe/ieieHBl 0 0GbeMY, 110 MOBEPXHOCTH H
no AuTH. O6BeMHOE pacnpe/eNieHHe 3apaIoB XapaKkTepu3yeTCH 00beMHOH

i\
nnotHocTRIO P = lim AQ = M&N Pa3MepHOCTb ra_n Kn/m?.

AV—0AV dV
TTonHbiH 3apszl, COCPEAOTOUCHHBIH B 06BEMe V, Q= ‘_‘b& V.
14
IToBEPXHOCTHOE pacnpee]eHue 3apsaIoB XapaKTepu3yeTcs MOBepX-
. AQ 40
HOCTHOH IUIOTHOCTBIO 3apsga pg = lim —==—=. PasmepHoCcTb
As—0 As  ds
[p]=Kam?.
TTonusiii 3apan nopepxHoctn O = .—P ds.
S
CBSi36 MEXLy TIOBEPXHOCTHOM H 06BEMHOM IIOTHOCTAMH 3apA/OB
ps = pdh,

rae dh — TONIIMHEA CI0S 3aPAKEHHON MOBEPXHOCTH.
JluHelHOE pacupe/ie/ieRue 3apsifoB XapakTepH3yeTCs JIUHEHHOH

. AQ dQ
[TOTHOCTHIO 3apsaoB 7 = lim ——=——. Pa3MepHOCTb |7 [= Kn/m.
ki ANSOAl ol procts [¢]
TMonubiii 3apaa autn QO = ._‘ﬂ&.
L

IonHbIH 3apA/ CHCTEMb] TOYEHHBIX 3aPALIOB PABEH HX CYMME
n
0=> g
i=1

IneKTpHYECKHE TOKH

JIBwKy1pecs 3apaabl oopasyior anekTpuyecknit Tok. Cura Toxka
J
sy d
I= lim AQs lh. Pasmeprocts [/]= A.
At—0 At dt
nement Toxka dj =dQV , rae V — BEKTOP CKOPOCTH JBHKCHHA 3a-

pana.

Pa3IMYAIOT HECKONbKO BHIOB pacnpelenchus Tokos. OGbeMHoOe
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pacnpe;iejieHHe TOKa XapaKTEPHU3YeTCs BEKTOPOM OOBEMHON INNOTHOCTH
Ruwd) 00 . PV e
ToKa O = ==y = ¥ = p¥. PasmeprocTs |6 |= A/MZ.
T A T A puocrs [5]-
CHa1a TOKa, IPOTEKAKOIIETO Yepe3 HEKOTOPYIO MOBEPXHOCTh S, / = _.w ds.

S

:ﬂéﬂw‘anm_‘—m BEKTOpa o COBranaeT ¢ HalpPaBJICHUEM ABIDKEHHUS T10JI0XKH-
TEJIbHBIX 3apALOB.

IToBepXHOCTHOE pachpeieNicHHe TOKa XapaKTepHU3yeTCsl BEKTOPOM MO-

= dj dQ_. pds .

BEPXHOCTHOM IUIOTHOCTH TOKa O =——=——V = v=pev. Pas-

ds ds aw

MEPHOCTE _%Lu A/m.

Cuna TOKa, TEKYWEro Mo MOBEPXHOCTH
(pue. 2.1), I = .-.wh&., rae | — nuawus, nep-

L
MEeHAUKYIAPHAsA K THHUAM TOKa, TEKYLIEro Mo
TIOBEPXHOCTH.
- .\ h&m EY
JIuHelHs TOK | =—> =—=V =TV.
. dl dl
Pue. 2.1 PasmeprocTs [i]= A.

Cuna TOKa, TEKyLIero No HWTH, PaBHA O BEAMYMHE JIMHEHHOH
IWIOTHOCTH TOKa: [ =7V,
Bekrops! noJis

JNeKTPOMArHHUTHO? MOJIe ONPEJENIeHO, ECIIH B KaXIOH TO4YKe Mpo-
CTPRHCTBA M3BECTHbI BENWUMHBLI W HANPABICHHA 4eTbIpeX BekTopoB: £ —
HANPSOKEHHOCTH 3MEKTPHHECKOro nons, D — 3/1eKTPHYECKOro CMEIeHUs
(aunyxuym), H — HaNpPAKERHOCTH MArHWUTHOro nons, B — MarHWTHOlM
HHYKLHH.

Bekropst D u H sinsnorest QyHKUHAMU TOJBKO UCTOUHKKOB MO
U He 3aBHCAT OT NapaMeTpoB CPeasl &,, M, . Bextopel £ u B xapakrepu-
3yI0T CHJIY, C KOTOPOH MoMa AeHCTBYIOT Ha 3apanbl. OHM 3aBUCAT OT napa-

) B e g =
metpoB cpems: E=-—; B=u,H. KonndyecTBeHHas XapakTepHCTHKA
An\.h
3JIEKTPYYECKOrO MOJIsl IKCNEPHMEHTANIBHO YCTaHOBNIEHa 3aKkoHOM KyJsioHa,
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ONpeAC/IAIOMINUM CHITY B3aUMOACUCTBUS MEXKIY TOYECYHBIMHU 3apsJaMH, Ha-

4q,d4q, ..
\.ov rae \O — CAWMHHY-
4re,r’

XONAIMMHCH B OJHOPOIHOM cpeje: dF =
HbI}i BEKTOP, HATPAB/ICHHBIH OT NMEPBOrO 3apsA/na KO BTOpoMmy; dF — cuna,
IEHCTBYIONIAA CO CTOPOHBI 3apsana dq Ha 3apsn dqy; ¥ — paccTosH1e Mex-
Ry 3apANAMH; £, — aGCOMOTHAS AUIEKTPUYECKAs IPOHHIIAEMOCTD CPe/bI;
Eq = &0 €, TIIE £) — AMDJIEKTPHIECKas NPOHULIAEMOCTE BAKYYMa, &£ — OTHO-
CHTEJ/IbHAs AHIIEKTPHYECKas NPOHMLaeMOocTh cpebl. Koadduuuent £ no-
Ka3b/BaeT, BO CKOJIbKO pa3s CHJIa B3aHMOACHCTBHSA MEXK/y 3apslaMi B DaH-
HOJt Cpelie MEHbILE, YeM B BAKyyMe.

HanpsxeHHOCTh JEKTPHYECKOTO 1015 PaBHa CIle, ¢ KOTOPOIi rosie

JEHCTBYET Ha €MHWYHBIN MONOKHUTEIBHBINA TOYSUHBIH 3apsn, BHECEHHbIN B
JNEKTPHYECKOe NOJIe.

[F]_ Jix Kn-B B
._.J. Ki-m _O__s.z

dg .
L s

Pa3MepHOCTh HaNpPSHKEHHOCTH Tm. _

HanpsxeHHOCTD oS TouewHoro 3apsiga dE =
drg,r

B kaxno# Touke npocTparcTsa BekTop £ nons TodedHoro 3apana
HAMNpaBJieH 10 NPAMO¥, COeAMHAIOWIEH 3aps1 ¢ Toukol Habmoaenus. ['pa-
(raecku 3EKTPAUECKOe MONe H300PAKAKT € MOMOIIBIO CHIIOBBIX JIHHHIA,
I'yCTOTa KOTOPBIX MPOMOPLHOHATEHA HANPHKEHHOCTH MOJIA.

Pa3MepHOCTH BEKTOPA AIEKTPUIECKOr0 CMEIIEHHS ﬁb_ = K/m?

EzvHuLIA H3MepeHHs MarHHTHON HHIYKLUN TwT B6/M2 =Tn.
ku_sov:oo? BEKTOpPAa  HAaNPMKEHHOCTH  MArHUTHOTO  MOJIA

L

SII. 3nech Ha — abcomoTHas MarHHTHas NMPOHHUAEMOCTh

Cpemsl, [l = MMy, TAE |4 — OTHOCHTeNbHaA MAarHHTHASA NPOHMIEEMOCTD
Cpe/ibl, MOKa3bIBAIOILAA, BO CKONLKO Pa3 Cina B3aUMOAEHCTBHA MEXIY TO-
KaMH B JaHHOI cpeae Oonblue, 4eM B BaKyyMe; M — MarduTHas MpOHH-
[{aeMOCTh BaKyyma.

Cuna B3aUMOISHCTBHA MEXLY MPOBOJHHKAMY C TOKAMH YCTAHABTH-
BaeTCA 3aKOHOM AMrepa:

&m; HMW_&L&_».L_.
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rae &m._w — cwia, AefiCTBYIOIAA CO CTOPOHBI ieMeHTa Toka d ji Ha drie-

MEHT TOKa Q,Mw 3 ¥ — paccTosH’e MEXIY JJIEMEHTAMH TOKaA.

OnuHAKOBO HANMpaBJICHHBIE 3JIEMEHTBI TOKA TPUTATHBAKOTCA, a Ha-
NpaBJICHHBIE B MPOTUBOIIOJIOKHBIE CTOPOHbBI — OTTAJIKMBAOTCS.

; ~ Cootromrenne dB = Ha

——_\ 4B 4r
3paHue 3akoHa buo - Casapa.

dj \‘Mo BexkTOop MarHMTHOW HWHIYKUHH B no BenuduHe

paBeH cuie, JelicTyiomei Ha eJUHUYHBINA 31e-

MEHT TOKA, a ero HarpaBieHHue TMePTIeHAUKYIAPHO

ﬁ\ K 3TOl cune # dneMeHTy Toka (puc. 2.2). BekTopsl

Puc. 2.2 B, dj w iy obpasyior npasyio TPO#Ky BEKTOPOB.

5 TMMO_ HOCHT Ha-

3apaumn
2.1. lllap pamaycoM a 3apskeH C 06BEMHON  TUIOTHOCTHIO

2
P=po mﬂmm: @ —_Q\zu H Hatiti nonssiif 3apsn mapa Q.
a

2.2. Hurs quiHOM /, HanpaBieHHas BAOJIb OCH X, 3apsbkeHa € IUIoT-

\N- —-
HOCTBIO 7 = 7()COS| — X |. BBIMHCIHT nonssiii 3apan wuth Q npu / =
a
= a/4; a/2; 2a.
2.3. lllap paauycom @ 3apskeH ¢ OObeMHOH
z
] r
s g [VIOTHOCTBIO 0 = P, —COSE . BhluuCIHTL MONHBIH
2k | = a
sapsan wapa Q.
2.4. Cepa pannycom 4, 3apskeHHas C MiIOT-
5 HOCTBIO Qg = P Sin & KEZN_, BpaLIAeTCs CO CKO-
POCTBIO (W BOKDYT' OCH, NPOXOAIICH 4epe3 ee LUCHTP.

BbIYHCINTS OBEPXHOCTHYIO TUIOTHOCTL TOKA W MOJI-
Puc. 2.3 Hblit Tok / Ha ee noBepxHOCTH (PHC. 2.3).
2.5. LlunuHAp PajMycoM @, BHICOTOH h, 3apsKeHHBIH C IUIOTHOCTBIO

2
Ps = Po WN: wg\zmﬁ. BpALIAeTCs BOKPYT OCH Z CO CKOPOCTHIO (. Beiumc-
a
JIATH CHITY TOKA Ha GOKOBO# MOBEPXHOCTH UMIHHAPA.

i
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2.6. BbIUMCANTH CHIY B3aMMOIEHCTBMA HA €IMHHMLLY JUIMHBI JBYX
napauiebHbIX GECKOHEYHBIX HUTEH, PABHOMEPHO 3apSKEHHBIX C JIMHEH-

HOM TUIOTHOCTBIO T| U T2 U PacnojiOKEeHHbIX HAa PACCTOAHHWH ds OJAHOpO~-

HOM cpejie ¢ AHIIEKTPHIECKOH MPOHHULIAEMOCTBIO £().

2.7. Dnextpor ¢ 3apsgom e = —1,6:10" Ki u maccoit m =
=9,1 1-10% r, JETAWMH BAOJIb OCH Z CO CKOPOCTBIO V = 10" m/c, monaxaer B
30HY, I/ie OJHOBPEMEHHO CYUIECTBYIOT 3JIEKTPUYECKOE ¥ MATHUTHOE IMOJIS
E=E3F;E, =10"B/M; B=B,5,; B,=4-107 B6/M”. Onpeze-
NTHTh HANpaBICHHE M BEJHWYMHY CHibl, BO3AEHCTBYIOLIEH Ha 3JIEKTPOH, H
€ro YCKOpeHHe.

2.8. BeckoHeWHO TOHKWH AMCK paavycoM d, z
r 2 R
3apsKeHHBI € IUIOTHOCTBIO P, = po— [Kn/M” |,
a
BpALIaeTCcss BOKPYr OCH CO CKOPOCTBIO . Berumc-
JIATh MOBEPXHOCTHYIO TUIOTHOCTh TOKA O M MONHbINA
ToK / Ha MOBEPXHOCTH aucKa (puc. 2.4). Puc. 2.4

2.9. CpaBHUTh &m_w " &WN_ JUIA CleyomuX KoMOHHALMA 3J1e-

MEHTOB TOKOB (puc. 2.5).
VKa3aHHe: UCTONb30BaTh (OPMYITy BEKTOPHOH anreGpsl Ajis ABOM-

HOTO BEKTOPHOTO NPOH3BEICHHA —m X —m X¢ =u b(ac)-¢ Amm V

a,. g )
A R .

.

0 mo
" Hd Y
B _&x.u Ry
Puc. 2.5

2.10. Onpenenuth CHIY B3aUMOJAEHCTBHS HAa CAMHHLY UTHHBI IBYX
GeCKOHEeUHBIX MapaIe/bHBIX MPOBOIOB ¢ Tokamu /] = 2A u [ = 5A, npo-
TeKaOWMMHY B OJHOM HanpapieHuu. IIpoBona HaxomaTcs B BO3JyXe Ha
paccTosHuu 10 cM.

2.11. [lo kpyrnoMy UMIHHAPHYECKOMY TMPOBOAHHUKY JAWAMETPOM
4 mm nporekaer Tok [ cwioit 2 A. IlpoBoa BhiNoONHEH u3 meau (0 =
= 5,7-107 Cm/m). OnpeieniTsh TAHTEHUHANBHYIO COCTABSIONIYIO BEKTOPa
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HANPAKEHHOCTH EKTPHAECKOTO MOJIA HA MOBEPXHOCTH MPOBOAHHKA.
2.12. Kpyrislil AWCK panMycoM a = 4 M 3apsiKeH ¢ IOBEPXHOCTHOH
2 2
sin” @ _
T : TO:ZN_. HaiiTi nonHbIif 3apan AMcKa.
Vi
2.13. Haifty nosssiii 3apaj, HAXOMSIIMICA Mexay nByma cdepamu
| M <7 <2 M, ecan 0OBEMHAA TUIOTHOCTH 3apsiaa B cepuieckoii cHCTeMe

IUIOTHOCTBIO O =

4

r
2.14. Haitty nonusiii TOK, TEKyI#AH 10 LAIHHAPUYECKOMY NMPOBOA-
HAKY paauMycoM d = 2 MM, eciH oObeMHas [UIOTHOCTE TOKa
3
= S5
o = — 0 A/M 2 .
r
2.15. Haiitu noavel#f TOK, MPOTEKAIOUIMI Yepe3 TUIOIaIKy, Jiexa-

/e /4

HIYIO B TUIOCKOCTH X =0 ¥ OTrpaHH4EHHYIO 3HAYCHWAMH IM <y MM u

2
KOOp/IMHAT p = wnow g T:\zu_.

-0,01 M<z<0,01 M, ecriu 5 =100-cos2y-Xg —>\z~_.
2.16. Tloctpouts CyMMapHbIi BEKTOp Ha-
2 Ax,y) NPSDKEHHOCTH JIEKTPHYECKOTO 1oNs M.M B TOYKE

. HaGmonennsa A(X, y), CO3JaHHbIH 3apaNamu g =
q =2 Kn, g2 = —1 K1, HaxoaslMMucs Ha OJWHAKO-
Puc. 2.6 BOM PACCTOAHHMM OT TOYKH HaGmoaeHns (puc. 2.6).

2.17. Hality HanpsHXeHHOCTb JJIEKTPHUECKOro noJs E (monmynb u
narpasnenue) B Touke (0, 3, 4) AexapToBOif CHCTEMbI KOOPIHHAT, CO3AaH-
HyIO TCUEYHbIM 3apafioM ¢ = 0,5 MKKuI, pacnoNokeHHBIM B Hat9aIe KOOp-
JIMHAT.

2.18. 3apan q = 2-10™ Kn paBHOMepHO pacnpezesieH 1o TOHKOMY
cTepxHi0. OnpeeNuTh HANpHKEHHOCTL JNEKTPHYECKOTo Mofd B TOYKE,
oTCTOSIEH OT KOHLOB CTepX ks Ha paccroanuu R = 20 cM, a OT CepeHbl

CcTepHA — Ha paccToArny Ry = 15 oM. &g = €0.
2.19. B uMAMHAPYHECKOM MPOBO/IHMKE painycoM 2 MM obbeMHas

IUIOTHOCTH TOKa & = _on.Loo?mo >\z~_. Haiiti nossbiii TOK B MPOBOJ-

HUKE.
2.20. Jlpa 3apsna B BaKyyMe B3aHMOIEHCTBYIOT Ha pacCTOAHHH
11 oM ¢ TaKoii ske CHIOH, Kak B ckunuaape Ha pacctosuuu 7,4 cM. Onpere-

JTHTH OTHOCHTENIBHYIO AU3JIEKTPUUECKYIO MPOHNLIAEMOCTb CKHITHAApa (Eex)-

21

2.21. 3apamst q1 = S0 MxKn n g2 = 10 MxKut pacriosioxeHsl B
toukax (-1, 1,-3) u (3, 1,0) COOTBETCTBEHHO. JluaieKTpuyeckas NpOHHK-

naeMocTh £, = €p - Haliti cuy, JSHCTBYIOLLYIO Ha

3apsz, ¢ CO CTOPOHBI 3apsAna g2.
2.22. HaliTh cwiy B3aUMOAEHCTBAA MEXIY

z, B
.

sapagam 1 = 20 MmkKnn g2 = —-300 mxKn, pacrio- qs / y
noxennsMA B Toukax (0, 1, 2) u (2, 0, 0) cooTBeTCT- X
BeHHO (puc. 2.7). [JuaneKTpHieckas NPOHHLACMOCTD Puc. 2.7

Ea=€0.

2.23. HaliT HanpsHKeHHOCTb INEKTPHYECKOro nojs E B TOuKe
(0, 0, 5) (puc. 2.8), co3nanHyl0 3apsafamMu ¢ = 0,35 MxKn, pacrnonoxkes-
ubim B Touke (0, 4,0), u g2 = -0,55 MiKi1, pacrioNOKEHHBIM B TOUKE
(3,0,0).

2.24. Ha puc 2.9 nokasaHs! 1Be Napauien>Hble OeCKOHEYHbIE 3aps-
sKeHHbIe ¢ JMHEeHHON TIOTHOCThIO 7 = 4 mKJI/M HWTH, PacriONOKEHHbIC
BIONTH OCH Z B TWIOCKOCTH X = 0 Ha PacCTOSHHMH ) = = 4 m. Haifty Hanps-

sernocts nons E B Touke P (4,0, 2) M.
2.25. BuIBECTH BHIPAXEHMS JUIA HanpAKXCHHOCTH SJIEKTPHUECKOTO

nons E BTOuxe P Ha OCH Z, CO3NAHHONO OECKOHEUHOH MIOCKOCTLIO X0V,
3apMKEHHOM PaBHOMELHO € MOBEPXHOCTHOH IJIOTHOCTBIO ¢ (puc. 2.10).

JlnanekTprdeckas MPOHHLACMOCTE CPEAbI &g = £(-

g

X

Puc. 2.8 Puc. 2.9 Puc. 2.10

2.26. Jlza OAMHAKOBBIX 3apA/ia, HAX0AAKMECS HA MaNeHbKHX LIapu-
Kax, OTCTOAUIMX JPYT OT ApYyra Ha pacCTOAHHH 10 ¢cM, B3aUMOIEHCTBYIOT B
Bo3ayxe ¢ cunoi F = 5:10™* H. OnpenenuTs BETHUHHBI 3aPAI0B.

2.27. Toueunsiii 3apan ¢ = 300 mxKu, naxonsumitca B Touke (1, -1,
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-3), JeWCTBYeT C CHIOH Nm_ =8%9 —8yy +4Zy H na toueunsiii 3apan q2,

Haxojamuics B Touke (3, -3, 2). €, = €. Halitu 3apan q».
2.28. Haiitm HanpsHKEHHOCTb 3JIEKTpUYe-

ckoro mosis £ B Touke P Ha OCH KpYrJioro aucka
pammycoM F = d, PaBHOMEPHO 3apsHKEHHOro C

NOBEPXHOCTHOM IIOTHOCTBIO O (puc. 2.11).

2.29. Toyeunsie 3apsabi g = 250 MxKin u

g2 = -300 MxKn pacrionoxenst B Toukax (5, 0, 0)

M u (0, 0, -5) M cooTBercTBeHHO. Haiith cuiy,
Puc. 2.11 JNEHCTBYIOILYIO Ha 3apAd 2.

2.30. Toueunsie 3apaasl ¢; = 30 MxKn u g, = =100 MxKan pacnono-

XeHbl B Toukax (2, 0, 5) m u (-1, 0, -2) M cooTBeTcTBeHHO. HaliTy cuiy,

JIEUCTBYIOLIYIO Ha 3apsill §y.
2.31. B cBo6omHOM NpocTpaHCTBE B obnactv 7 < d cdepHuecKoi
CHCTEMB! KOODAMHAT H3BECTHO JJIEKTPHYECKOE [OJ€ HANPSHKEHHOCTHIO

B o
E= wb'& Tpuuss » = b < a, y6eIUTHCS B CIPABEUTUBOCTH TEOPEMBI
&

Ocrtporpanckoro — ["aycca. 3
2.32. lilap pamiycoM r = 2 M 3apskeH ¢ OOBEMHOH IUIOTHOCTBIO

200

PE——r :xmo_\zmmnﬁxzoaox %b&. oxwowwoeav::onxsaao.
r

BEPXHOCTH pajycaMu 7 = 1 m; =4 m; 7= 100 m.
3. CACTEMA YPABHEHWI MAKCBEJIJIA

Knaccuueckas TEOpHs SEKTPOMarHeTH3Ma OCHOBBLIBAETCA HA ypas-
HeHHAX Makcpenna, ABifomuxces 0000ueHHeM ONBITHBIX JaHHBIX, MOJY-
YEHHBIX MPH U3YYEHHUH MEKTPOMATHUTHBIX ABIECHHH.

Iepsoe ypaBuenue Makcsensia — 06061uenne 3aKOHA NOJIHOTO TOKA

LIMpKyJISL#s BEKTOpa HaNpsHKEHHOCTH MarHutHoro nons H mo
3aMKHYTOMY KOHTypy L paBHa MOJHOMY TOKY, NPOTEKalOlieMy Hepes fo-
BEPXHOCTB S, OrpaHHdenHyio kontypoM L (puc. 3.1):
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2y = das
%&& = _.&Tl baﬂ;
rae & — oGbeMHAs IUIOTHOCTh TOKA MPOBOAMMO- ¢
CTH;
O — o0beMHAs TMIOTHOCTh CTOPOHHETO
TOKA; dl
N Puc. 3.1

D — BeKTOp 2JEKTPHYECKOTO CMEILEeHHS.
HuddepenuranbHas Gopma 3aMmHCH 3TOr0 YpaBHEHUA UMEET BHIL:

ge B
rotH =6 +— + 0,
ot
1
rue M& = AW = OQ.VOZ:N& IMJIOTHOCTb TOKA CMELLCHUA.

oD
W3MeHeHHe 3JIeKTPHYecKOoro Mmojis BO BPEMEHH AM.V TNPUBOAMT K

{

NOSABJICHHIO MATHATHOTO 10JIA B npoctpanctee (rof H ).

BBezeHHe TOKa CMELUEHHs CBA3aI0 ypaBHeHHa Makcsesna B CHCTe-
My, pelIeHHeM KOTOpOoH B O0meM Ciy4ae ABIAETCA 3JICKTPOMArHWTHas
BOJIHA.

Bropoe ypaBHenue MakcBesna —
o06001IeHHEe 3aK0HA YNEKTPOMATrHHTHON HHAYKUKuH Papanes

LIMpKy sy BEKTOPA HANPSHKEHHOCTH dnexTpuyeckoro nons £ mo
3aMKHYTOMY KOHTYpY L paBHa CKOPOCTH M3MEHEHHS MarHATHOTO NMOTOKAa
op 0
ot ot
S

-

@, B3aToit ¢ 06PATHEIM 3HAKOM: &. Edl =
L
INpy U3MEHeHHH MArHWTHOM MHAyKuMM B win aepopmanyu u ne-

peMeIleHUH npoBoaAIero kontypa L B Hem BozHukaeT DJIC HHIYKUMH.
b:&eovn:E\E:r:»n ¢dopmMa  3anmMcH  3TOrO  YpaBHEHMs

oB OB

rot E = ——— . ViaMeHeHHe MarHuTHOrO 1014 BO BPEMEHH ( — ) BbI3biBa-

ot ot

€T 0ABJCHHE BUXPEBOTO AEKTPHUECKOro nosis B npoctpauctse (701 E).
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Tpetne ypasHenne Maxcpemwia —
Teopema 0 NOTOKE BEKTOPA /IEKTPHYECKOH HHAYKIHMU (cMeLLennst)

T1OTOK BEKTOPA JNEKTPHIECKOro cmemenus [ CKBO3b 3aMKHYTYIO

MOBEPXHOCT S paBeH MOIHOMY 3apsay Q. naxonsuiemycst B 00BeMe Vv,
OrpaHHIeHHOM MOBEPXHOCTHIO S (puc. 3.2):

< Dds = |pav =0,
S Vv
rae b — ofpeMHasn IJIOTHOCTH 3apAaa;
ds

Puc. 3.2 ds — BHEUIHAS HOpPMalb K MOBEPXHOCTH.

Jluddeperumnansias Gopma 3anuck 3TOr0 ypaBHEHHS divD=p.
MCTOYHUKOM CHIOBBIX JIHHUI EKTPHYECKOTO MOMs ABALIOTCA MEKTpHYe-
CKHe€ 3apAbl.

YernepToe ypaBHeHue Makcpesia —
3aKOH HENPEePhIBHOCTH MATHUTHOIO NOJIA

[ToTOX BEKTOpa MAarHMTHOW WHIYKUHH B uepe3 3aMKHYTYIO MO~
BEPXHOCTh 5 PaBEH HYJIIO! % Bds =0.
S
B mapdepenupansroil gopme divB =0 . B npupoje HET MarHuT-

HBIX 3aps0B, KOTOPBIC ABIANTNCE Obl HCTOMHUKAMH WIH CTOKAMH CHJIOBBIX
JIMHWUA MATHUTHOTO TOJA, NO3TOMY MATHUTHbIE CIJIOBBIC JIMHUH MOJIA BCE-

rf1a 3aMKHYThblL.
3 nepBoro ¥ TPETEEro ypaBHEeHHH MakcBesiia BhITEKAET 3aKOH CO-
3 0 0
XpaHeHHd 3apana &.«w&m = ._.b% wmn I = llmml. Munyc o6o3Haua-
ot
S Vv

eT, 4TO MpPH BHITEKAHHY TOKA U3 00bEMa 3apAa B MOC/CAHEM yMEHBIIAETCS.
luddeperumaiphas  (opmMa  3amMCH  3TOr0 ypPaBHCHMA:
op

divé =———.
ot

MarepHajbHEIe YPABHEHH: D= mam, B= tn@.
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OGoOwennplii 3akon Oma: & no.ﬁm,+h.nsv. rae O — yjellbHas

MPOBOAMMOCTb CPE/Ibl.
Fanauu

3.1. OnpenenuTs UUPKYIALHMIO BEKTOPA H no KOHTYpPY C KOOP/IH-
Haramu (0,0); (0,1); (1,1); (1,0), ecnu MMOTHOCTL TOKA TIPOBONAMOCTH
. . MW\ . >
o= %olm , 0p L mrockoctn XOY; mnoTHOCTH TOKa CMeUIeHHs L E .

a o
3.2. OnpenenuTh UUPKYIALHIO BEKTOpa H no KOHTYpY (cm. 3.1),

ecny 06beMHasl IIOTHOCThL TOKA MpOBOAVIMOCTH %ONO » 4 BEKTOpP 3JICK-

Tpeckoro ememenns D = Dyy(sinxt)/ x; Dy L nnockoctn XOY.

3.3. KBagpaTHasa pamka cO CTOpOHOM @ = | M HaXOAWTCA B roje
H = Hysin@! . MarHuTHasA NPOHMLAEMOCTS CPEAbL L, = [ , TLIOCKOCTS

paMkHu neprieHAuKyApHa k A . Onpenenurts D[C, HaBOAUMYIO B pamKe.

3.4. lavo E = E,X. Jloka3aTh, YT0 U5l IEPEMEHHBIX BO BPEMCHH
none# B ONHOPOAHOW M30TPOMHOM cpese 6es CBOSGONHBIX TOKOB H 3apajloB
E | H . Cuauras & = 0,Z( , N0Ka3aTh, 470 HL1S.

3.5. TlpoBoaHux AnuHOK [ ABMXNKETCA Q Q @ Q

CO CKOPOCTBIO V B PAaBHOMEPHOM MarHUTHOM = M_ P4 g

2 H !
noJne, HANPAKEHHOCTh KOTOpOro pasHa f1, @ Q Q Q
thay o

Berancnuts DC MeXIDy KOHLAMH MpOBOI-
HuKa (puc. 3.3).
3.6. BBIMHCIUTL HANPAXKEHHOCTh Mar-

fmepecekas CHJIOBBIE JIMHMM TMOA YIIOM 0.
Ho *

Puc. 3.3

HUTHOTO mons / Ha paccTOsHMM ¥ OT NPAMONMHEHHOro GECKOEEYHOro

IPOBOHMKA C TOKOM /.
3.7. TnacTUHBI IUIOCKOTO KOHAEHCATOPA, NMOJKIOYEHHOIO K HCTOY-

unky DJAC U =const , cOImKa0TCA CO CKOPOCTHIO V. BBIUMCIHTS NI0T-
HOCTS TOKA CMELIEHHMS M BETUYHHY TOKA BO BHEUIHEH LenH, eciid mioianb
maacTHH S, a paccTOSHHWe MexIy miacTHHamu nmpi ! = 0 paseo dj.
&4 = &( - Kpaesoii 3 ekt He yunThIBaTh.

3.8. HexoTopoe Ten0 C AMDIEKTPHYECKOH NMPOHULEEMOCTLIO E4 M
NPOBOZAMMOCTBIO 0 B HayallbHbli MOMEHT BPEMEHH 3apAKEHO C 00beMHOM
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WIOTHOCTBIO p = po. OnpenennTs, 3a Kakoe BpeMs BO BHYTPEHHEH 4acTH
Tena 06BEMHAs TUIOTHOCTh 3apsla p yMeHbwMTCs BaBoe. Hapyuraercs jin
3aKOH COXpaHeHus 3apsaaa?

3.9. B OQHOPOAHOM MarHMTHOM [MoJie ¢
HanpsokenHocTeio M (puc. 3.4) Bpamaercs
< //,.Urm MPAMOYTOJIbHAsA pamMka €O  CKOPOCTBIO

®

~
b //F @ =27n . JinuHel CTOPOH @ W b, YHCIO BUTKOB
N, MarayMTHasi MPOHULIAEMOCTb CPelbl L, = My ,
a n — uucno o6opoTOB B CeKyHAy. BeiuuciInTh
Puc. 3.4 3JIC B paMKe.

3.10. Zapano none D:
k¥ npu0<r<a
D=y @ _
k—7F npua<r=<o,
3
5
rae ¥ — pammyc-Bextop. Haiftu pacnpenenenue 3apsgos, 06pa3oBaBuIux

TaKoe NoJie.
3.11. B HekoTopo# 061acTh ¢ AM3JIEKTPU4ECKOH NMPOHHLIAEMOCTHIO

€0 3aJaHO MoJje E= anmo + ww.mov. Biagc/inTh 06beMHYIO MUIOTHOCTH

3apaia.
3.12. B nposoasueli cpee ¢ NPOBOAMMOCTLIO 0 = 8 CM/M nOCTOAH-

HbIli TOK cospaerT marhumthoe mone H =2y-Xy—6x:yy. Onpenennts

anexTpuueckoe none E B cpene.
3.13. B cBo60HOM MPOCTPAHCTBE Amo,toV 3NEKTPOMArHUTHOE Mo~

— -

Jie 3a7aH0 CBOMMM cocTtapnsionmmu E = m.owng.»xwo. H= :omuicﬂno.
E,

Ilpu xakux 3HAYEHWAX k W —=— ITO TOJNe YAOBJIETBOPAET YPABHCHHAM
H,
Maxcsenna?

3.14. CamosieT JIeTUT FOPH3OHTANBHO CO CKOpOCThIO V = 200 m/c.
BHIYHCIATS PA3HOCTh MOTEHIMANOB MEXIY KOHLUAMH KpbUTbEB, €C/iH pac-
crosHue Mexay HuMA 30 M, a BEpPTUKa/IbHAA COCTABAIOUIAA HANPAKCHHO-
ot MarautHOro mona 3emin Hy= 0.02 A/m.

3.15. Tpx KaKoH 4acTOTe OTHOWIEHHE MUIOTHOCTEH TOKOB CMELUCHHA

W NpoBOAMMOCTH B MemH (0 = 5,7-10" Cm/™, €, = £,) OyneT TakuMm xe,

- o] —"

o
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KaK u B cyxo# nouse (0, = 10 Cm/m, &, =2&() Ha uacToTe /= 10° Tu?
3.16. Ilo GeckoHewyHOMY MPAMOJIMHENHO-

My TPOBOIHHMKY MPOTEKaeT MOCTOSHHbIH TOK /.

IMnockas pamka pasmepamu @ u b (puc. 3.5) yna- %

JIAETCS OT NMPOBOIAHMKA CO CKOPOCTHIO V. Bbl-

ypcnuth DJAC B paMKe, €CIIU YHUC/IO BUTKOB B HEH

v
e
a

paBHO N, HauyaibHOE paccTOsHME 7, a mnapa- b
MeTpbl Cpelibl &), L) -
P 040 Puc. 3.5

3.17. Onpenenuts 4acToTy fo, MPK KOTOPOH aMIIHTY /bl 06BEMHOM
[UIOTHOCTH TOKA CMELIEHHs M MJIOTHOCTH TOKa MPOBOAMMOCTH OyayT pas-
Hel: 1) cpena — menb (0, = 5,7-107 Cm/M, € = 1); 2) cpesa — MOpCKas Boja
(05 =4 Cm/m, & = 80). .

3.18. BpiuHCAHTh, HAa KAKOH 4acTOTE MIOTHOCTH TOKOB CMEIICHUS H
MPOBOAMMOCTH OyNyT OJIMHAKOBBLIMH B CpeJie € 0 = 102 Cm/m, £, =3¢ .

3.19. Ilo mnpaAMOIHHEHHOMY TPOBOAHWKY  MpOTEKaeT TOK
I =Iycoswt (puc. 3.6). Buuucnuts DJIC, HaBEACHHYIO B pamKe, CO-

crosmeit w3 10 ButkoB, ecmm = 05m; a=5cm; b=10cem; [p=1A;
®=10%1/c; B, =M.
3.20. Metanueckuii cTepXeHb MUTHHON / Bpaimaertcs ¢ yrjioBoi

CKOPOCTBIO (» B OAHOPOAHOM MarHuTHOM mone B. Berumconts S/IC B

crepixkHe (puc. 3.7).
®60 66
B \
r ® ©

> 1

1 ® ® ®

a
Puc. 3.6 Puc. 3.7
3.21. [Moka3ath, 4TO YPaBHEHHUE HEMPEPLIBHOCTH TOKA (3aKOH COXpa-
HeHHs 3apA/ia) BHITEKAET M3 NEPBOTO M TPeThero ypasHeHud Makcsesia
NPR YCAOBHH, 4TO Oy = 0.

3.22. OnpeaenuTh CHITy TOKA CMEILEHHS MEXIY KBAaJPaTHRIMH IUia-
CTHHAMM BO3YLIHOTO KOHIEHCATOpa CO CTOPOHOH 5 CM, €C/TH HanpsKeH-
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HOCTb ONEKTPHYECKOro [oNg B HEM M3MEHAeTCH CO  CKOPOCTBIO
4,52-10° B/mc. KpaeBoii ahdext He yqauThIBaTS.

3.23. BHyTpH [MJIMHAPHYECKOTO NPOBOAHHKA PaIMyCOM r() = 107 m

- _oh_ (1 T
maruutHoe nojie H = ||-~ —-sinar |-..oom ar \po (A/m),rne a=-—.
r \a? a 2n

Haiitu ¢ty TOKa B MPOBOIHHKE.
3.24. MarsuTHOE 1101 GECKOHEYHOro NMpAMONIMHEHHOTrO NMPOBOAHH-
Ka ¢ TokoM / paamuycom a:

- T4 1=

H=|——= |pg npur<a;
Namw

- I

H=——@q npurz=a.
2rr

Haiiti 06BeMHYIO MIOTHOCTh TOKa & B 06eux obacTax.

3.25. [To mMenHOMY NMPOBOAHUKY (0 = 5,7:10" Cm/m) nmameTpoM

2 MM NpoTeKaeT MOCTOAHHBIH TOK cuiloi 7,5 A. OnpeaenuTs KacaTelbHyio

COCTABJAIONLYI0 BEKTOpPA HANPAKEHHOCTH 3JIEKTPHYECKOro mnojisd Ha mo-
w%r:oaqs npoBoJa.

26. B OHOPOAHOM NOCTOXHHOM MArHWTHOM TOJie ¢ MHIAYKiMeH

B = -._o-o T BpauiaeTcs BUTOK NpoBoja pamwycom a = 0,2 M ¢ YrJIOBOM

cxopocThio 50 06/c. Conporuesienne Butka R = 5 Om. Och BpalleHus nep-

HEHJHKYJIIPHA K BEKTOPY B . Haifta MakcuMaTbHOE 3HaYEHHE TOKA B BHT-

X€ W BbIPA3nTh 3aBHCUMOCTD TOKA OT BPEMEHH.
i 2 3.27. Beruucauts DJAC B ynanaromencs

15¢cM CO CKOpOCTBIO V = 5 M/C OT MpAMOIHHEHHOro
8 CM  GeckoneyHOro npoBoAHHKA ¢ TokoM /= 100 A
pamke pasmepamu 10 cMX8 CM B TOT MOMEHT,

I

10 cM KOr/la OHA HAXOMHMTCA HA PaccTOAHMM 15 cM oT
nposoaHuka (puc. 3.8).
Puc. 3.8 3.28. B ofsactu 3HayeHui 0 < r <2 um-

NMHIPHYECKOl CHCTEMB! KOOPIHHAT 3a/IaHO T0JIe BEKTOPA JIEKTPHIECKOro
s & -0.5 -0,
cmemerns D = Af. +2e"" +4re wvxo , a B obnactu r > 2

~ (2,057 -
D uﬁ b5 ry . Halith 0ObeMHYIO TUIOTHOCTB 3apsia B obenx obnac-

’

THX.
3.29. Hatitu DJIC, HaBOAMMYIO B MPOBOAALUEM CTEPKHE, ABHXKY-
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meMcst B MOCTOSHHOM MarHuTHoM none B =0,04yy T

co ckopocThio V =2,5sin] 0%t Z(y . Jnuna crepxns [ =

=0,2 M (puc. 3.9).
3.30. [Tone BEKTOpa 3/EKTPUYECKOTO CMEIUeHNs
B chepHIECKOM CHCTEME KOOPAMHAT 33laHO BbIPAXKEHH-

eM bnwmwlmw@+mx+wwwv v. Ha#tn obbem-
r

Puc. 3.9

HYIO IUIOTHOCTB 3apsijia p, CO3JaBlIero JaHHOE MoJe.

3.31. B cpene ¢ napamerpaMu 0 = 5 CM/M ¥ € = | HanpmKEeHHOCTH
anextpudeckoro mnons E = 250 sin10' 7 B/m. HaifTh TJIOTHOCTH TOKOB
MPOBOAMMOCTH M CMEIICHHA ¥ YaCTOTY, Ha KOTOPOii OHH PAaBHBI.

4. TPAHUYHBIE YCJIOBHS

['panuyHBIe YCIOBUSA — 3TO (opma ypasHeHHd Makcsesia s To-
yeK, NMPHHAUIEKAUMX TPAHHYHOH MOBEPXHOCTH, B KOTOPLIX MapaMeTpsl
CpeMbi MEHSIOTCS CKaYKOM HIIH CyIIECTBYIOT MOBEPXHOCTHBIE TOKH JIHGO
3apagbl. B 9THX ToukaxX ypaBHenums Maxcsesia B Iu(pepeHUHanbHOM
(Gopme TEPAIOT CMBICH ¥ JOKHBI OBITh AOMOJHEHB! YCIOBUAMH, Onpene-
JISIONIMMHK MOBEJICHHE BEKTOPOBR MOJIA MPH MEPEX0/1e Yepe3 rPaHMLLy Cpes.

['paHiyHBle YCIOBHA NOJNYYAIOTCA H3 MHTErPIbHbIX YPaBHEHHH
MakcBesuia ¢ HCTO/IB30BaHMUeM TpeIeNbHbIX mepexooB. Mexona w3 nepso-
ro ypaBHeHHs MakcBesuia, ONpeaesiowero UAPKYIAUHIO HAMPAKEHHOCTH
MarHaTHOIO NoJs:

Am& T&: .—bu. @.1)

L
MOJTy4al0T rPaHUYHBIC YCIOBHA VA KacaTe/IbHBIX COCTaBJIAIOUIMX ECKTOPA

H:

T.OAN.N._ INNNV_H %.n WK mﬂ_ Imu-.wm H—%.«..MO_u AA.NV
rae 7y — eIMHWYHBIV BEKTOP HOPMalH K MOBEPXHOCTH pa3jena, Hampas-
JIEHHBIH B MEPBYIO Cpey.

ITO 03HAYALT, YTO PA3HOCTh MEKAY KAacATEJbHBIMH COCTaBJIfIOLIH-

Mu BekTopa H, Ha rpaHuue pa3jena cpell paBHa MOBEPXHOCTHOMY TOKY.
[Tpu OTCYTCTBUM NMOC/IEAHEr0

Hpy=Hp, 4.3)
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T.€. COCTABJIAIUIME HENMPEPLIBHbI.
Ucxost U3 BTOPOro ypaBHeHus MakcBesuia, OnpefeNsouero uup-

KYJAUHMIO HANPSHKEHHOCTH ubagimcxo_.o MOJIsA:

$Edl =~ _ Bds, 4.4)
i ots
NOJIYYaIOT rPaHMYHbIC YCIOBHA /NS KACATENbHBIX COCTABIAIOUIMX HANps-
JKEHHOCTH SNEKTPHYECKOTO MOJIs:
TOAN_ |m.wv_ 0 nmm m. =K, (4.5)

KOTOpbIE Ha TPaHHIIE Pa3jiefia Cpe/l HeMPePhIBHBL.

Tperbe ypaBHeHMe MakcBeilia, OMNpejeNsioliee MOTOK BEKTOpa
3MEKTPHYECKOTO CMEIIEHNUS:

{Dds = [pav, (4.6)
v

[103BOJIET NOMYYMTh TPAHUYHBIE YCJIOBHS I HOPMAIbHBIX KOMIIOHEHT
sextopa D : .
moﬁb_ lbwvﬂ Ps WIH NUB_ = @:N = pPs - AA.QV
AHAIOTAYHO W3 YETBEPTOrO YpaBHEHHMA MakcBenia O NOTOKE BEK-
TOpa MarHUTHOM HHIYKIHMH

A Bds =0 = 4.8)
S
=Ohv=.~§‘—.0m _.ﬁNIS.r—:—LO V~O.=Ow§ ans :Oﬂvzg—v:—u_x COCTABJIAKILHUX BEKTO~

pa B:
meAW_ = %Nv“ 0 nm m\: =Dy)- AA.OV
3anucaHHbIe BBINIE FPAHATHBIE YCIOBHA ABJIAIOTCA OCHOBHBIMH, OHH
MOMYYAlOTCA HETOCPEACTBEHHO W3 ypaBHEHMH Makcsesia. I'paHH4HbIE

yenosus s coctapnsioutnix Hy, Ey, By u Dy momyuaior, UCTIONb3ys €o-
otHomenus (4.2), (4.5), (4.7), (4.9) v matepuaiibHble yPaBHEHHs COCTOA-
HUs CPE/IBl MU OTCYTCTBHH TIOBEPXHOCTHBIX TOKOB WM 3apAI0B:

D=¢g,B, B=p,H. (4.10)

3agaun

4.1. ITo rpanule pasjiena cpeil NpoTeKaeT TOK O, . B nepBoif cpexe

H; =0. OnpenenuTs MarHUTHOE Mo/e BO BTOPOH cpeae BOM3M NOBEPX-

HOCTH.
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4.2. Ilo naocko¥ MOBEPXHOCTH pa3jielia MEeTalI-Au31eKTPUK TeUeT
TNOBEPXHOCTHBIN Tok O = —y X + X ) . Haltti ypaBHeHue CHIOBBIX JIK-

HUIi BEKTOpa H P Ho
4.3. V NOBEpXHOCTH pa3jiesa JABYX oy B
Cpell 3aaHO 3HAYeHUE BEKTOPa ww ( _WN_ " &, 4 :

@5). Onpenenuts BekTop Bj y NoBEpXHO- 42,18
CTH B TEpBOH Cpejie MpH YCIOBHH, 4TO 110~ By
BEPXHOCTHBIH TOK oTCyTeTByer, Og =0

(puc. 4.1).
4.4. YV mOBEpPXHOCTH pasjena ABYX =

Cpell 3a/IaHO 3HaueHue BekTopa Eo A_mm_ H L,

(7). OnpeaenyuTs BEKTOP M_ y TIOBEPXHO- 1M
CTH B MEPBOH cpe/le, €ClIM HA rpaHuLe pas- mm::
Jena OTCYTCTBYIOT CBOOOIHBIE 3apsiibl

(ps =0) (puc. 4.2). _:a. 4.2
4.5. Cpenbl pasiesieHsl 3apsHKeHHOH NMOBEPXHOCTHIO, U B OAHOH H3
HUX nosie oTcyTeTBYeT. KakoBo 3/IeKTpHyecKoe noje B Apyroi cpese, eciu

MOBEPXHOCTHAA IMJIOTHOCTH 3apiia Pgs, @ AMNEKTPHYECKAA IIPOHULIAEMOCTH

BTOPO# cpenl £27
4.6. Ha xakoM pucyske (puc. 4.3, a, 0, B) u306paXeHbl CUIOBbIE JTH-
HUM 3MEKTPUYECKOrO TMOJA, MarHWTHOrO TOJA, €CIM BTOpas cpena - uie-
IBHBIN TPOBOAHUK?
o T 1 S
LA A A A LA
O =00 O = g =0
a 6 B
Puc. 4.3
4.7. YV TOBEPXHOCTH HACATLHOTO MPOBOIHMKA, COBNANAIOLICH C
mockoctsio XOY, 3anan snexrpudeckuit noteHunan ¢ =—Az . Onpeze-
JIATH MOBEPXHOCTHYIO TUIOTHOCTh 3apAja, e/ Cpeia Hal POBOJHUKOM —

BaKyyM.
4.8. OnpejenuTh, N0 KAKOMY 3aKOHY NPEJOMIISIOTCH CHJIOBBIC JIH-
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HUM BeKTOpa B TpH nepexoze M3 Cpebl ¢ MapaMeTpamMu £q, Ko B CPeRy €
NapaMeTpaMu £, M, . 110Ka3aTh, 9TO CHIOBbIE MHHH HA BXOJIC ¥ BHIXOLC

[UIOCKONAapa/uIesIbHOM ILIaCTHHb] Napajlie/ibHbl (puc. 4.4).

4.9, Cpempl pa3smuyaloTcsi MarHUTHBIMH NPOHHLACMOCTAMH (puc.
4.5). Kakas u3 cpea nMeeT G0abLIYIO MAarHMTHYIO NPOHHLAEMOCTD, i
CHJIOBBIE TMHHH HIIYT, KaK NOKa3aHo Ha puc. 4.57

B,

Puc. 4.4 Puc. 4.5
4.10. Cpensl ¢ MUIOCKOH rpaHviel pasjiena pasjiHialoTcs JM3JIex-

TPHYECKMMH MPOHULIAEMOCTAMY. YTOJ NPENOMICHHA @) = /2 (puc. 4.6).
Kakoe COOTHOMIEHNE NPH 3TOM JOJDKHO BBITIONHATECA MEXAY £4] W €42 ?
4.11. YV MOBEPXHOCTH HIEAILHOIO NMPOBOJIHUKA B TIOCKOCTH XO0Y
3a/laHO MarHUTHOE MOJIe H=3 Vo A/M (puc. 4.7). emy paseH TOK, npo-
Texalowmii mo ydactky noepxsocti XOY B Buze NEHTH, pacroNoKeHHOM
no ocu X, mupuna xoropoi / = 0,2 m?

Puc. 4.6 Puc.4.7
4.12. OnpenenuTs HAMPAKEHHOCTb HNEKTPHYECKOro nos Ha pac-

crosEmA B OT GeckoHeuHoil 3apskeHHOM miockocTH. [LIOTHOCTS TO-

BEPXHOCTHOTO 3apaia Ps-

4.13. TlokasaTh, 4TO HA [OBEPXHOCTH pas/ena ABYX MpPOBOJHHKOB
tga o
l%‘l_ = L 3 roe Q_.
tga, 03

(17 — YTl MEXKTY JTHHUAMH TOKA ¥ HOPMATBIO K MOBEPXHOCTH pasgena Hy,

JIMHUY TOKA MCMBITBIBAKOT NPEIOMIICHHC no 3aKOHY
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a 0}, 02 — POBOJMMOCTH CPe/L.
Tloka3aTh, 4TO Ha MOBEPXHOCTH pa3jie/ia ABYX AMINEKTPHUKOB JIMHHHA
= 1goy &1
BekTOpa [) NPETOMISIOTCS MO 3aKOHY ——— =—.
tga, £
4.14. Tlo 6eckoneunoit miockoctd XOY Te4eT TOK C IUIOTHOCTHIO

8, =8, ¥, Cumras mIOCKoCTh GECKOHEYHO TOHXOH, ONPEACTUTh HANPA-

JKEHHOCTH MATHATHOTO TIONA B TOUKE, OTCTOAULEH OT Hee Ha PacCToAKMH A.
4.15. TInockuil KOH/IEHCATOP 3anoJjiHeH MABYXCJIOWHBIM JIHIJICK-

TpukoM. JlMdNeKTpUYecKas NPOHUIAEMOCTs NEpBOro ciod &, = 2g;,
yAenkLHas MPOBOAUMOCTb 0] = 10" Cwm/m. Jna Broporo ciost — €,, = 4&;,

o = 107 Cm/m. Tommmna cnioes di = 2 dy = 4 cm. PasHOCTh noTeHuuanos
mexay obknaakamu U = 100 B. HaiiTn MOBEPXHOCTHYIO MJIOTHOCTD 3aps-

JIOB ¢ HA I'PAHMALC pasnena AW3JICKTPHKOE B VCTAHOBUBLUEMCSA PECAKHUME H
TUIOTHOCTE TOKa MPOBOAUMOCTH. H—US KaKkux rapaMerpax AW3JIEKTPHKOB

ps = 0? INosie cuuTaTh OAHOPOAHBIM.
4.16. LIunMHAp pannycoM d, 3apsKeHHbIH PABHOMEPHO € MOBEPXHO-

CTHO# MUIOTHOCTBIO fg, BPAIIAETCs BOKPYT OCH CO CKOPOCTHIO (. Bhitumc-
JIMTh HATPSHKEHHOCTh MAPHUTHOTO MONIA y TMOBEPXHOCTH UWIHHIpA, €CIH

a =10 cm; = 8n 1/c; pg = 1077 Ko/m®

4.17. Ha rpauuue pasjena aByx cpei (6] = 2; &2 = 5) U3BECTEH BEK-
top Ej = 2% —3yq +5Z) B/m. Haittit Bextop Dy u yrist G ¥ G2, ecnn
ps =0 (puc. 4.8).

4.18. B o6nactn 1 3anan sextop Hj = 4% + 37 — 6Z9 A/m. Halitn

_mn_ W (p MpH YCIOBMHM, YTO MOBEPXHOCTHBIK TOK OTCYTCTBYET; /] = 3

2= 5 (puc. 4.9).
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. Z X .
m_ %7) i,
g2 7R = 5
g = &, X m=3 y
E, H,
Puc. 4.8 Puc. 4.9

4.19. B obnactu 1 (z < 0) nu3BecTeH BEKTOP m._ =-3%,+4y, -
—2Z,B/m; &) = 6. Haittn m.m B obnacth 2 (z > 0), ecim €3 = 2, a OBEPX-

HOCTHAs IUIOTHOCTH 3apsja Ha rpaHuUe pa3jeia Ps = 0.

420. B obmactu 1 (z < 0) u = 3, a BEKTop

H, HPAPNmo +0,5y +mov A/m (puc. 4.10). Haittu u, @u. ecnu
Ho

ap =45°% 8, =0.

4.21. To moBepXHOCTH pa3aena ABYX cpen (z = 0) Teuer TOK ¢ no-
BEPXHOCTHOH IUIOTHOCTBIO %h =9y (puc. 4.11). H3secteH BEKTOp
msz =14,5X, + 8z, . Haittu exrop Hy,ecnnpy =4; 2= 3.

4.22. B mockocTd X = 0 TeYET NMOBEPXHOCTHBIA TOK € MIOTHOCTBIO
8¢ (puc. 4.12). B obnactu 1 (x < 0) sextop By = 6% + 4y, +10Z T,
Ha1 =24 . B obnactu 2 (x > 0) ~ B, = 6%y —50,96y, +8,96Z) T,

AT w18
a2 Z
H2 -9 H2 = 3 ﬁwu
H =Yy m=4
Hy
Puc. 4.10 Puc. 4.11 Puc. 4.12

423. B obmactu 1 (¢ = 1) 3aman sekrop D, = 3%, — 47, +
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+ 6Z, Kn/m’ (puc. 4.13). Haiiti BexTop WN u yrisl 61 u 0y, eciu Bo BTO-

poit cperte €3 = 2,4, a MOBEPXHOCTHAs [UIOTHOCTD 3apAjia HA rPaHuMle pas-
nena pasHa 0.
4.24. B ¢Bo60aHOM NPOCTPAHCTBE | HANPAKEHHOCTD 3NEKTPHYECKO-

ro mos w_ =3X, —5Y, +3Z, B/m. O6nacts 2 — IMINEKTPUK ¢ £2= 3,6
(puc. 4.14). Haiitu yron 6, ecim pg = 0.
4.25. B obnacti 1 (z <0) ¢ €] = 2 HanpAKSHHOCTb IEKTPHIECKOIrO

nons E, =—3%, +4¥, —2Z, B/m (puc. 4.15). Halftn HanpsmxeHHOCTb
IEKTPUIECKOro moss B obmactn 2 (z > 0) c &= 8, ecnu pg = 0.
!\ AX
D ks
N “
N % \»\mu
4 \\M i . Wil &
D, 1 %

£ 2

Puc. 4.13 Puc. 4.14 Puc. 4.15

4.26. Ha rpannue paszena mByx cpen (€] = 2; £2=5) u3BecTHa Ha-

NPSKEHHOCTh  JJIEKTPHYECKOr0 TOJIA m,_ = 2%, — 3y, +5Z, B/m (puc.
4.16). Haiitu D , O1u 0y, ecupg=0.

427. B obmacth 1 (¢ = 15) (puc. 4.17) 3amaH BeKTop
m_ =1,2%, + 0,8y, +0,4Z, (T). Haitru Bekrop H 5> BO 2-ii obnacTH (2
=1) nyrnsl 0] 4 Q).

4.28. Ha rpaunue pas3zena AByX Cpei (€] ¥ £2) CHIOBBIC JIHHHH

3NEKTPHIECKOTO Mosisi 06pasyloT Yroj (| ¢ HanpaBJeHHeM HOPMAIH K rpa-
Huue pasaena (puc. 4.18). Haiitn opueHTayio CHIOBBIX JHHHH m...u BO

BTOpO Ccpexe (92), ecmu pg = 0.
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Az 4 :m.o
- 2 _ \@
Nw._ wN .m._
! 0,2 &
m —
2 NWN ~ w_ o % GN mN
4% !
Puc. 4.16 Puc. 4.17 Puc. 4.18

5. TEOPEMA IOMHTHUHI'A

B ZN%O&NOEEOOXOS 3JIEKTPOAMHAMHUKE CHCTEMA OCHOBHBIX aKCH-
OM — %ﬁwuia::m Makcgejia — AOMOJHAETCS JABYMS 3HEPreTHYeCKHMH aK-

CHOMaMH:
1) SneKrpoMarHMTHas JHEpPrus pacrpeieseHa B NMPOCTPAHCTBE C
: ED
0GBEMHOM TIOTHOCTBIO W = W, + W, , JIK/M’, rie W, =—— - 00beM-

2
HB
Hasl IUIOTHOCTb JHEPrHU JJIEKTPUHIECKOro noas; W, =—— - oObeMHas

2

[UIOTHOCTB SHEPTHH MArHHTHOTO NOJIA;

2) BeNMYHHA W HANpaBJieHHEe MOTOKA 3/MEKTPOMAarHHTHOH SHEpPruu
xapaxtepusyetcs sekropom Iotisrunra [T = —mm i

C y4eToM 3TOTO 3aKOH COXPAHEHHA SHEPrHM MUIA JJICKTPOMArHur-
HBIX MPOLECCOB, MPOHCXOAAIUMX B HEKOTOPOM obbeme V', OrpaHHUEHHOM
NOBEPXHOCTBIO 5 (Teopema [MoHHTHHTA), MMEET CIEeAYIOIMA BH/L:

I i
dt

rae P, HI‘TN.%Q.«? - MoumHocTs cropornux cun; B, = |ESdv -
v v

MOIIHOCTB TErioBbIX noteps; W = .—.sg? - 3NIeKTPOMArHUTHAA SHEPruf,
1

sanacensas B ooveme V; Py = % I1ds - mowHOCTb, NepeHoCHMasn JJeK-
§

TPOMATHHTHBIM TIOJIEM 4epe3 MOBEPXHOCT S ds =nyds - sextop, 1o
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HANPABJICHHUIO COBMANAIOMMI ¢ BHEIIHEH HOPMATIBIO; 7, - BHEIIHsAA HOp-

MaJib K MOBEPXHOCTH S.

TakuMm o6pa3oM, Teopema ITOHHTHHIa yTBEPXKAAET, YTO MOLIHOCTD
CTOPOHHHX CHJI, HelicTBYIOmHX B o6beme V, pacxodyercs Ha TEILIOBbIE
MOTepH, H3MEHEHHE IeKTPOMArHHTHOM SHEPriH ¥ H3TyHEeHHE 3a NMpeebl
obbeMma.

Ort™ernm, uTo craraemsie dW/dt w P, moryT GbiTh KaK NONOKH-

TEJIbHBIMH, TAK ¥ OTPHLIATEIBHBIMH; NvQ: H Nv:oi BCEraa noJOXMUTEIAbHBI.

Jlns rioneif, 3aMMCAHHBIX B BUIE KOMILIEKCHBIX aMILIMTY A, BBOAWTCA
4 1% =,
xozganozznmaxgv:onm,_.zz_,wNNHI mm.ﬁ.vmb:omummxo:_\_omox-

2
Topa ITo#HTHHTa
T S
[rdr = w wo_mm.

0

= 1
N
rae T — nepuon KoneGaHuii.

3anauu
5.1. BBIMHCIUT IHEPrHIO, 3aMACEHHYI0 B MUIOCKOM KOHIEHCATOpE.
Pa3HOCTh IMOTEHIHANOB Mexay ruiactuHamu U, mnowans S, paccrosnue
Mex Iy racTHHamy d. losie CYMTaTh OAHOPOIHBIM. Beiectu (opmyty s
eMKOCTH KOHJeHcaTopa. J{MdaeKTpudyeckas MPOHMLIAEMOCTh AUJICKTPHKA

mn-

5.2. OnpeaenuTs, ¢ KaKOH CTOPOHBI K IMHMH NMOAKTOYCHBI reHepa-
TOp W Harpy3ka. OGBACHATH NOJYYEHHbIH pe3ynbTaT (puc. 5.1).

5.3. JIByXnpoBOJHAA JTMHUA NPOXOAHUT Yepe3 OTBEPCTHA B HACAIBHO
npoBoAsieM 3kpaHe. I[ToCTPOMTb CHIOBbIC JIMHHM BEKTOpa [ToitHTHHrA

B6/IM3M 3kpaHa (pHc. 5.2).

|
~

U

72
I 1

Puc. 5.1 Puc. 5.2
5.4. Kakoro panmyca JO/DKHbI OBITh ILIACTHHBI IUIOCKOro KOHAEHCA-

Iz
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Topa, 4To0bl 3anaceHHas 8 HeM JHEPrus paBHAIACH 0,5 Ix? Konnencarop
3apskeH 10 HANPHKEHHA 10° B, paccTosHue MeX/1y TUIaCTHHAMH d =2 MM,

£q =18¢.
5.5. Tlo npAMoONMHEHHOMY GeCKOHEUHOMY MPOBOIHMKY paaAHycoM d
TeYeT MOCTOAHHBIN TOK, TUIOTHOCTb KoToporo O . [IPOBOHIK HAXOAMTCS B
Bakyym2. UeMy paBHA MIOTHOCTb SHEPrMH MarHWTHOTO MoaA Ha paccTos-
HuH 2a ot ock npoBomuka? Tloctpouts sasucumocts W, =W (a).
$.6. MarHuTHas8 M SNEKTPHYECKAs COCTABJIAIOMME MOJIS 3JIEKTPO-
MarHHTHON BOJIHBI 3aMaHBl (QOPMYJIaMH:
T o Hot=-k) 5 .
H=Hge Zs5

E =-120nH e’ "%,

3anucarth BHIPAKEHHE IS MTHOBEHHOTO 3HAYCHUS BEKTOPA TNoiin-
THHra ¥ HalTH ero cpejHee 3HaueHue, ecan [ =2 A/m.

5.7. Tnockuit KOHIEHCAaTop NoaKkmouaetcs K ucroanuky 3/1C sesn-
yHHO# 5. OnpeeTuTs HanpasJieyue BekTopa [TOWHTHRIA B TOYKAX 1,2,3,4
B mpouecce 3apana (puc. 5.3).

5.8. TTo MMIMHAPHYECKOMY MPOBOAHKKY paarycoM d, quHoil / mpo-
TeKaeT TOK ¢ 00BeMHOM nIoTHOCTEI0 O . [TPOBOIMMOCTD MaTepHaia rnpo-

BojiHMKa G. Onpenenuts 8ekTop [TOMHTHHIA Y MOBEPXHOCTH NPOBOJHUKA H
ero MOTOK uepe3 3Ty MoBepxHOCTh. OGBACHUTH MOMYSCHHBIH pe3yJbTaT

(puc. 5.4).

Puc. 5.3 Puc. 5.4
5.9. B U30JMpOBaHHON CHCTEME P,y = 0, a MOIHOCTbL MOTEPH MPO-

MOPUHOBAJILHA 3aMacy dHEPruu (P = aW ). HaiiTi 3aK0H H3MEHEHUA

SHEpruy BO BPEMEHH, CudTas, 4TO NpH [ = 0 W = W,. TTocTpouTh 3aBHCH-

mocts W ().
5.10. BryTpn 061acTi NPOHCXOJHT Npeobpa3’oBaHne SHEPruH CTo-
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POHHHX CHJI B JIEKTPOMArHUTHY!, OJHAKO MOTOK BekTopa [lo#HTHHIa ye-
pe3 rpanuiy obnactH otpuuareneH. OnucaTs BO3MOXHbIE BapHaHThi Ga-
JIAHCA YHEPTHH.

5.11. Bo3ayx HauMHAET HOHW3UPOBATHLCHA MPH HANPAXKEHHOCTH JIeK-
Tprueckoro nois Eyy, = 3 «B/vMm. Onpesesiuts MI0THOCTh MOTOKa MOILHO-
CTH IUIOCKHX JIEKTPOMAarHWTHBEIX BOJIH, NMPA KOTOPOH HACTynaer HOHWU3a-
ums. Yacrora xonebanuit OCTaTOMHA Mana [Uis TOro, YToObl CYUTATH MPO-
LeCC HOHU3AUHHM OEe3bIHEPLIMOHHBIM.

5.12. INToka3ate ¢ moMouikio BekTopa [1ToWHTHHra, Y4TO BCS IHEPrus,
nepefaBaeMas OT MCTOYHHMKA K HArpyske B €IMHMIY BPEMEHH 10 KOAKCH-
aTbHOMY Kabemo, KaHATH3UPYeTCA MO AHAJICKTPHKY. [TpoBoauMocTs mMare-
pHasia XHibl U 06070UKH NPUHATE GECKOHEYHO GONBIUHMH.

5.13. Onpenenuts TAHTEHC YIia, COCTaBIAEMOr0 BEKTOPOM Harps-
YKEHHOCTH JIEKTPHYECKOTO MOJIS C HOPMATTBIO K NMOBEPXHOCTH XHIIbl KOaK-
cHabHOro Kabens. JKwia i BHEWHUI NPOBOJHHK, BHIMOJHEHHBIE U3 MEIH
(o= 5,8:10’Cm/M), nmeloT pazuycsl 7y = 0,3 cM, 2 = 1 cMm. Hanpsbkenue
U mexy xwioit u obonoukoii 10 kB. Tlporexarommii no kabenio nocro-
suHbi TOK /= 50 A.

5.14, CyuiecTByeT /1M pa3jidude MEXK1y 3HAYEHHSAMH BEKTOpa I1
IUIA 3NeKTPOMATHHTHBIX BOJIH, MONAPH30BAHHBIX MO KPYry W JIHHEHHO T0-

napuzoBanHbIX, eciu ammantyael E w H o ana wux papupi? Pesynwrater
CBS3aTh ¢ MPHUHIMNIOM CYNEPMO3MLMA U YHEPTHH, YUHTHIBAs, HTO BOJIHA,
NOJSPH30BAHHAA 110 KPYTy, €CTh CyMMa IBYX JHHEHHO MONAPU3CBAHHBIX
BOJIH.

5.15. B m10cKkoM KOHIEHCATOpe ¢ pa3MepaMu cTopor 0,5 Mk 1,0 M v

PaCcCTOSHHEM MEX/Iy TUIACTHHaMM 2 CM pasHocTh noveHuuanos U = 10 B.
HaliTn 3anaceHHYl0 B KOHIEHCATOPE ISHEPIMI0 M €ro eMKOCTh, €CJH

£q = 280.

5.16. Bektop E B mexaproBoii cHCTeME KOOPIHMHAT HMEET €MHCT-
BeHHyI0 cocrasisiomyio Ey, otnudHyio ot Hynd. [lokasars, 4TO BEKTOP
[TofiHTHHTA HEe MOKET HMEeTh COCTaB/IAOMLY0 BLO/Ib OCH X.

5.17. B HekoTOpOH TOYKE  NPOCTPAHCTBA 3aJaHbI BEKTOPHI
E =2y, Bimu Il =4X, +6Z, Br/™’. Onpenenats sexrop F 8 1ol
TOUKE.

5.18. HanpskeHHOCTh JJIEXTPHYECKOro MoNs pacrpoCcTpaHsowencs
B noanoTHIeHe (€ = 2,25) Bonusl £ = 50 MB/m. Onpenennts Bektop ITokHH-

THHIa 3TOH BOJIHBL.
5.19. KoMIieKCHbIE aMIUTMTY /bl BEKTOPOB 3JEKTPOMArHHTHOIO M0~
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715 B HEKOTOPOi TOUKE MPOCTPAHCTBA 3a/aHbl BHIPAKECHUAMMU:
P 063 /075 .
E =085 e X, =13y}
H=42-10"¢"""z,
OnpeeauTs KOMILIEKCHbIH BekTop TlofiHTHHTA IT n ero cpeaxee 3Have-
uue 11,
5.20. B cBOGOIHOM TPOCTPRHCTBE B HANPABJICHWH OCH Z pacmnpo-
CTpaHsieTcs TUIOCKAas BOJIHA C HANPSKEHHOCTHIO JIEKTPHYECKOro mnojs
E(z,t) =50cos(wt —kz) B/m. Haifth cpennee 3HaueHHe BeKTOpa

[loMHTHHTa ¥ €ro MOTOK 4epe3 MUIOMAAKY paauycom 2,5 M, Jiexaulyio B

rwiockoceTh z = const (L k ocu z).

5.21. Cpennee 3Havyerue Bektopa [loiHTHrHa B mpoluecce pacnpo-
CTpaHEeHHs IEKTPOMATHHTHOM BOJHbI HA PaCCTOAHMM Z = 2 M YMEHbLIAeT-
cs Ha 10 %. Orpesenuts K03(POUUHMEHT 3aTyXaHHd BOJIHbI.

5.22. 3apsKeHHBbIH UMIMAAP C TOBEPXHOCTHOH TMUIOTHOCTBIO P

BpAILAeTCA ¢ MOCTOSHHON yr/ioBOH CKOPOCTBIO (O BOKPYT cBoeit ocu. HU3o-
6pa3uTh CAIOBbIe IWHKHK BekTopa [TOHHTHHTA Y MOBEPXHOCTH UHIHH/DA.

5.23. Vi3MepeHus CBETOBOM 3HEPruy MOKa3a/iy, YTO 4Yepe3 KakIbii
KBAJIpaTHbIH CAHTMMETP MOBEPXHOCTH, MEPNEHAMKYIAPHOH K COJHEUHBIM
ayuam, opoxoaut 1 Br/c. Cuuras NOTOK MapaieqbHbIX Jydei MmiIockon
3/IEKTPOMATHHTHON BOJIHOH, ONpPEAEINTh HANPAKEHHOCTH SEKTPHICCKOro
¥ MarHUTHOTO MOJIEH.

6. DJIEKTPOCTATUYECKOE I10JIE

OCHOBHBIE YPABHEHHS H ONPeACIEHHS JIEKTPOCTATHYECKOTO NOJIA
CHcTeMa ypaBHEHHM JJIEKTPOCTATHKH — YaCTHBIN ciyyali CHCTEMBI

ypasrennit Makcsenna, koraa 0/0f = 0 :
Aw&xuo“ %@%n...b&w
L § v

rotE =0; divD = p.
JUis OrHMCAaHWA 3JIEKTPOCTATHYECKOTO IOJA BBOAMTCH CKANApHAA
dynxuus — noreHuuan ¢. HanpsokeHHOCTh 3JIEKTPHYECKOTO N0/ CBA3AHA C

NOTEHIHATIOM 3aBuCHMOCTBIO E = —grady.
Beenensbilt TakuM 00pa3oM MOTEHUMAN HEOJAHO3HAYEH H HE MMEeT
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du3ngeckoro cMpicna. 3HaK «-» MOKA3IBACT, 4TO HEKTPHIECKOE f10Jie Ha-
NpaBieHo M3 06NAacTH MONOXKHMTENIBHOro MOTCHUMaNa B obnacTe OTpHLA-
TEJILHOTO [MOTEHLManNa.

Pa3HOCTE MOTEHIMAIOB MEXKJIy ABYMA TOYKAMH YUCJIEHHO paBHa pa-
60Te M0 MEPEMEIEHMIO eWHUIHOrO MOJNOKUTENLHOTO 3apsia MEXIy HH-
MHU:

N =
o —@y = |Edl.
1
ta BeIMUHHA HE 3aBHCHT OT IyTH, 10 KOTOPOMY TNEpeMelnaeTcs 3apsa.

Kak ciexyeT W3 BBIUENPUBENCHHBIX (OPMYJ, NOHITHE PasHOCTH
[OTEHIMAIOB ABSETCA TOMHBIM JIMIIb IS MOJieH, He 3aBUCALINX OT Bpe-
MEHH.

Jlns TOYEHYHOro 3apsja %Hll&l, mu|®||w~....: rae r —
4re,r 4re,r
PAcCTOAHME OT 3apSAa A0 TOYKU HAGTIONCHHA.
1 rdl
JUisi TMHEHHO pacTpe/ieleHHOTO 3apaja ¢ = —— ; 1A 3aps-
dre, 7 ¥
L
1 pgds
JIOB, PACMPE/IENIEHHBIX N0 MOBEPXHOCTH H 00BEMY, — @ = H
dre, Bk

1 dv
._..bl COOTBETCTBEHHO. B 3THX (opMynax T, p; ¥ P — JHHEH-
4re, S

Hasi, NOBEPXHOCTHAA ¥ 0OBbEMHAs MIOTHOCTH 3apANOB.
Cwra, feficTByrolas Ha 3apsa ¢, F= Qm, .
['paHUYHBIE YCIOBHSA /ICKTPOCTATUKH Y MOBEPXHOCTH MPOBOAHMKA:
L I
ar

DTO 03HAYaeT, YTO MOBEPXHOCTH MPOBOINHHWKA B INEKTpOCTaATHYE-

ong, &,
CKOM I10/1€ KBHIOTEHUHAbHA.
Dueprus 3NIEKTPOCTATHYECKOTO nons

S“

W, HW .—m.nm,w&\ HW _.b%m?. rae V — nonnwiii o6beM, v — obbeM,
v v

3aHHMAEMBIA 3apANaMH, () — MOTEHLMAT OTHOCHTEJIBHO 6eCKOHEYHO yna-
JICHHOM TOYKH.
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EMKOCTH 3apsuKeHHOr0 Teja onpenensercs Kak KodG(puuneHT mpo-
MOPUMOHANBHOCTH MEXKAY ero MOTeHIHANoM OTHOCHTENBHO GEeCKOHeYHO

%bgoz_*OQ TOUYKHM M 3apAIOM, COCPEAOTOUCHHBIM HA 3TOM TeJIE. g = Qﬁ :

Konpencarop npeacraBiser co6oii CHCTeMY ABYX MPOBOAHUKOB, He-
CYIIMX paBHBIE M0 BEJIHYMHE W NPOTHBOMIOJIOKHBIE N0 3HaKy 3apsmel. Ero

_ lal
b
|Ag|
HOCTH NMOTEHUHANIOB vaxb.v\ HHAMMH,
B psge 9MeKTPOCTATHYSCKMX 3a/lay Ul HAaXOXKIEHHA pacnpeerne-
HUA wmﬁmhow, CO3/1al0UIMX B :vco._.—umzo.—.mm noreHUuan ﬁu MOJIE3HO UCIIOJIb-

QNS = ypaBHenue Jlanjaca

€q

emkocth C re ¢ - BenuuMHa 3apaaa ojHoro us rtem; A@ — pas-

30BaTh YypaBHeHHe [lyaccona

<~$ =0.
3apaun
k
6.1. IMoTeHuman HeKOTOPOM obnacTH @ = M“\m: sin mx shny . SB-
n=1
NAETCA M JaHHas QyHKUMS peuleHueM ypaBHenua Jlamaca?
6.2. Ha sayTpeHuel cgEpe pacrionoxkeH 3apsia +q.
BEIMHCTATL MOBEPXHOCTHYIO IUIOTHOCTD 3apsAza ¥ non-
HbIi 3apsan BHeWHeH cepbl, BHIMOJIHEHHOH M3 MACaIb-
HOTO TIpoBONHHMKa (pHC. 6.1).
6.3. Onpenenutsh paguyc yenuHeHHo#H cdepsl em-
kocThio 1 @. Cpena — sBakyyM.
6.4. 3apsan ¢ oGHLEMHOH TUIOTHOCTEIO P = g r/a
pacrnipeiesien B obbeMe mapa paauycoM @. OnpenenuTs
Puc. 6.1 33aKOH W3MEHEHHs HanpAKEHHOCTH M MHAYKLUMH 3JeK-

TPHYECKOTO TI0/S BHYTPH 1 BHe wapa. OmucaTh noBenieHue BekTopos £ u
D npu nepexoje rpaHHubl Wap — BO3AYX. BEIYHCIHTE SHEPTHIO JNEKTPH-
YecKOro moJjif, CO30aBaeMyko 3apKeHHBIM WapoM. JudeKTputeckas npo-

HUIIAEMOCTh MAaTepHana apa 2,4, CPeIsl — £(.
6.5. OnpeenuTs EMKOCTh, PA3HOCTh MOTEHUMATOB MEXAY 0Oknan-

KaMH, HaNpsOKEHHOCTE MONA H WHAYKUMIO B JHMIJIEKTPHKAX C &1 M €g2
3aNONHAIIMX JABYXCIO0MHLI ceprdeckuii KOHIEHCATOP, UMEOUW 3apan

q (puc. 6.2).
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6.6. OnpeznenuTh NOrOHHYI0 eMKOCTH, Pa3HOCTh MOTEHUNANOB MEX-
Ay OOKIagkaMH, HANpPSDKEHHOCTE MOJA M WHAYKUHIO B AMAJIEKTPHKAX, 3a-
MONHAIOIHMX JBYXCIOMHBIM LAIMHAPHYECKHI KoHleHcaTop. Ha eaummuy
AJIHHBI KOHZICHCATOpA MPHXOIMTCH 3apan ¢ (puc. 6.3). Jlusnekrpuueckue

NPOHKLIAEMOCTH CJIOEB £41 H £42.

Puc. 6.2 Puc. 6.3
6.7. TlonoxuTebHbIH 3aps PABHOMEPHO PAcCHpesiesieH Mo KoJbie-

BOM JIHHUH PajuycoM d. JIndneKTpuIeckas MpOHUIIAEMOCTh Cpelibl €4 Jlu-
HelHas [UIOTHOCTh 3apsana 7. HaliTH NOTeHIWan W HANPSKEHHOCTH MO B
TOYKAX, JIeKauux Ha ocn koabua. [Toctpouts E(z) u ¢(2) (puc. 6.4).

6.8. TTos0XHUTENbHBIH 3aps] ¢ PaBHOMEPHO PACTIPENENeH HA [UI0C-
KOM KpYIJIOM IHCKE PajitycoM . HaiiTi HanpsmkeHHOCTb SeKTPHYECKOro

nona [ n noTeHuMan ¢ Touek, AekalmuX Ha OCH Z, HOPMATBHOM K IHCKY M
npoxosiuei yepes ee HeHTp (puc. 6.5). JIusnexTprueckas MPOHHULIAEMOCTh

cpensl &g,

Puc. 6.4 Puc. 6.5
6.9. B nosnte 3apMXeHHOTrO [Iapa HaliTH paguychl IKBUNOTEHLHAIb-
HBIX IMOBEPXHOCTEH, MOTEHUHANbI KOTOPBIX OTAHYAIOTCA APYr OT APYyra Ha
10 B; 7, = 1 Mm; ¢ = 8,89:10"" Kn. Illap waxomutcs B Bo3ayxe.
6.10. Mcnone3ys Teopemy ["aycca, nokaszaTk, YTO HanpsXKeHHOCTh
37IEKTPHYECKOTO MOJIA Ha PACCTOAHHH ¥ OT GECKOHEUHOTO TOHKOTO MPOBO-

na E, =7/27e,r , rae T nuHeituas WIOTHOCTS 3apaaa.
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6.11. O6beMHbIH 32pAN € MIOTHOCTBEO
L0 PABHOMEDHO pacnpelesieH MexXIy AByMs KOH-
HEHTPHYECKHMH CEPHIECKMMH MOBEPXHOCTAMHM.
Paanyc BHEWHEH MOBEPXHOCTH b, paamyc BHYTpEH-
Hel MOBepXHOCTH @. JImanexTpuyeckas  MPOHH-
LAeMOCTh Cpefibl Mexay CPEepHHeCKHMM MOBepX-

a £

Puc. 6.6 HOCTAMH &,, OKpYyXawolei cpeabl — &) (pHc. 6.6).

Haiitu D(r), E(r), ¢(r). [Toctpouts rpaduky mos.
6.12. Bronb npsMoJHMHEHHOTO OTpe3Ka

A
y 7\_3,& UMHoOM [ pacnpeseneH 3apAa C JIMHEHHOM
) moTHocTeio 7. Haltv moreHuwan mnons B
3 touke M, orcrosimied Ha paccrosHun d OT
d 3apsoKeHHOW HUTH. JlMdnexTpuuyeckas mnpo-
o 0 ,. HHIAEMOCTh cpexst &) (puc. 6.7).

~t B e— L X 6.13. ToveuHsl# 3apsaA § HAXOAUTCA HA
o / g paccTosHuM /i OT 6ECKOHEYHO MPOBOAMIEH
wockocta. OnpefenuTs MIOTHOCTL 3JIEKT-
Puc. 6.7 pudeckoro 3apsjaa, obpa3oBaBLIerocs B pas-
M.E_:_Mxmvao:xwx TUIOCKOCTH BCJIGACTBHE ICKTPOCTATHYECKOM WHIYKIMH

puc. 6.8). .

6.14. OnpenennTs BeSMYMHY 3apsiaa cHEpHUECKOro KOHIEHCAaTopa,
npu KoTopoM Gyner obecrieyeH TPEXKpaTHbIH 3amac no npoOHBHOMY Ha-
NPSOKEHAIO AHNIEKTPUK — BO3AyX. HanpskeHHOCTh MOJs B BO3AyXe, NMpH
Moaovmwvzvo:oxon:a npo6oii, pasHa 3000 B/mm. Pamuycel cdep 71 u 1)
puc. 6.9).

+

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

= -5
=6-10" K. J{nanexTprueckas MPOHULIAEMOCTh Cpelbl €4 =3&¢. [loacuuTars
JHEPTHIO HIEKTPHIECKOTO MOJs.
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6.16. Haiitn pacnpenesieHne 3apaioB p(r), cospaiomkx B BaKyyme
exp(—r/a)
r

. Ykasanue: ncnonb3osath ypapHenue I1y-

noteHuman @ =g

accoHa.
6.17. BHMUCIHTH SHEPTHIO PABHOMEPHO 3apSKEHHOTO IIapa panuy-

coM @. JIUdNeKTpIecKas IPOHUIAEMOCTb Wapa &g, 3apAa ¢, OKpyKaiowas

cpelia — BaKyyM.

6.18. Boisectn (opMyJbl LI Onpeae-
feHUA HANpSHKEHHOCTH MOJIA M E€MKOCTH
JABYXCJIOWHOTO TUIOCKOTO KOHAEHCATopa, a
TaKKe MOCTPOUTH rpadKH HIMEHEHHSA MOILY-
nedl BEKTOPOB HAMPKEHHOCTH JJIEKTpHYe-
CKOTO TOJifl, MOJY/s BEKTOPA 3JIeKTPHIECKOH

unayxiuu D n noteHumana ¢ B QyHKUMHA =

pacctosius X. TonumwHa repsoro cios au- Puc. 6.10
snexTpuka dy, BTOporo — ds. JlanexTpuueckas MpOHHLACMOCTE nepBoro

c1os — Egl, BTOPOTO — £g2. Pa3HOCTH MOTCHUHATOB MeKIy OOKIaaKamMu
KOHZeHcaTopa pasHa u. [1nowazs IIacTHH KOHAGHCATOpa — S (puc 6.10).
6.19. 3apan paBHOMEPHO C JIMHEHHOH mIoT-

soctsio T = 107 Kn/m pacnpenesnier no nepumMer-
py Ksajpara CO CTOPOHOH 6 M (puc. 6.11).

X

e

&g =€(. HaltTi MOTEHLMA B TO'KE (0,0,5) m.
6.20. TTonHelit 3apsAA KpyrJioro paBHOMEPHO
3apKEHHOTO JHCKa pajiycoM 2 M paBeH
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— nKn. Haiity noteHuuan B TOYKE Ha OCH Puc. 6.11

3

nucka (0,0,2 m). Haiitu notenuuan B 3TOH e TOUKe, eciii BeCh 3apAl CO-
CPefOTO4EH B HaYane KOOpAWHAT.

6.21. B xybe ¢ pa3mepoM CTOPOH, paBHBIM | M, 3a1aH NMOTEHLMAI
p=3x+4 y? (B). &g = &o. HaliTi 3HEPrHio, 3aIaCEHHYIO B ky0e.

6.22. B BO3MyIIHOM MPOCTPAHCTBE MEXKY COOCHBIMH WIHHApHYE-
CKVMM MOBEPXHOCTAMHU pafinyCcaMH 7y = 0,01 M u ry = 0,05 M aneKTpHHe-
= (107

ckoe mone £ =| —
7

7, . HaliTi SHEpTHIO, COCPENOTOUEHHYIO MEXKILY
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TUMMU HWIHHAPAMHU BbicoToH 0,5 M. ]
6.23. IonoxutensHbiH 3aps § pABHOMEPHO pacrpesiefieH Mo o0nemy

mapa panuycom @. Haiitu sanpskeHsoCTS dnekTpryeckoro nons £ u mo-
TEHUMA) () BHYTPM M BHe wapa. [{udnexrpudeckas MPOHULAEMOCTh MaTe-

puana mapa u cpeasl - £g.

6.24. OnpeieTuTh eMKOCTE U JIEKTPUYECKYIO JHEPTHIO NOJIA [UIOCKO-
ro KOHIEHCATOPAa C TUIOIIABIO obxnamnok
S = 100 cM® u paccrosHueM Mexay HAMH d =
= | mm. KonneHncatop 3apshkeH 10 HanpsKeHHs

U= 400 B 1 3an01HeH IMNEKTPHKOM € E4 = 38(.
Kpaesbim 3¢ pexTom npeHedpes.

6.25. Hure mwimHoM 2L paBHOMEpHO 3a-
psDKEHa C JIMHEAROM rioTHOCTHIO 7. Touku 1 u 2
Aexar B IUIOCKOCTH, NEpreHANKYIAPHON K HUTH
A npoxoasmed yepes ee cepemuny (puc. 6.12).

HaiiTi pasHOCTh OTEHLUMAIOB  @,,  €CIH

Puc. 6.12 L>>n,L>>r, , gg=¢p.

6.26. Illap paquycoM @ ¢ LEHTPOM B Hauane chepHuecKod CHCTEMbI
KOOPIHHAT HMEET MOTEeHLHA: i

@, Npur=<a,

#=1me npur >a.
r
CoCTaBHTb BBIPAXKEHHUS 1A 3aITACEHHON IHEPTHH H IOJTHOTO 3aps/ja Ha no-
BEPXHOCTH LIapa.

6.27. BoiBecTH BbIp@XEHHE JUIs Hamps-
KEHHOCTH ANekTpuueckoro mona E , coinan-
HOro OECKOHEYHO! PABHOMEPHO 3apsXEeHHOH
IVIOCKOCTBIO € TMOBEPXHOCTHOH IUIOTHOCTBIO

P, Haocu z (puc. 6.13). &4 =€p.

6.28. Ha noBepXHOCTAX KOHLUEHTPHYECKHX
UAJIMHAPUYECKUX  MPOBOJAHMKOB  PajHyCamH
=1 MM R 7 =20 MM NOTEHLHANIBI COOTBET-
Puc. 6.13 CcTBEHHO paBHBI @) =75 B, @2 =0 B. Hcnons-

3ys ypaBHCHHUE Jlannaca, OIIPE/ACTIUTE BEKTOP 3JIEKTPUYECKOro CMEIICHNA B
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NPOCTPAHCTBE MEXKIy MPOBOJHUKAMH, €CilH & = 3,6.
6.29. B nekapToBO# CHCTEME KOOPAHHAT MOTEHUMAI () 3aBUCHT TOJIb-

koorx. [lpux=-2cM ¢ =250B, E=15. _ouﬁlmov B/M. Hcrionbsys

ypasHenue Jlannaca, HalTH @ MpU X = 3 CM.

6.30. Haiiti 3aBUCMMOCTD noTeHLMANa ¢ U Hanps 3\&\\\.”_% y
XEHHOCTH JJIeKTpHYeckoro mona E oT paccTosHus 7 B
NPOCTPAHCTBE MEXIAY ABYMS KOHLEHTPHYECKWMH UH-
JuHapaMu, ecim npH 71 = 1mm @1=0,a npu =
=20 mm @3 = 150 B (puc. 6.14). Kpaepoi 3¢dekr ne
yUHUTIBATH, YKa3aHWe: UCNONB30BaTh ypaBHeHHe Jlan-

naca,
6.31. B n1ekapTOBOH CHCTEME KOOpAHHAT TOTEH-

Maji IUIOCKOCTH z =3 cM, @ = 0. Haiitn norenuuan u

Puc. 6.14

MOBEPXHOCTHYK IUIOTHOCTHL 3apfAa T[UIOCKOCTH Z = Ovoobx HalpsKeH-

HOCTb TIOJIi MEXY MIOCKOCTSAMH E= 6,67-10° Z, B/m,ae=4,5.
6.32. B cdepudeckoit cHCTeMe KOOPAMHAT NMOTEHLHAI 3aBUCHT TOJILKO
orr.Tlpur=15mv ¢ =0B,anpu r= 110 mm E = -334,77; B/m. Uc-

nons3ys ypasHeHune Jlannaca, HaliTu noteHunan ¢ mpu » = 200 mm.
6.33. Bocnonb30BaBIIKCh ypaBHeHuem Jlaruiaca, HaliTH 3aBHCUMOCTD

BexTopoB L m D OT paccTosnms ' B POCTPAHCTBE MEXAY ABYMSA cHEph-
YeCKHMH KOHLEHTPHYECKHMU NOBEPXHOCTAMM, €C/IA  M3BECTHO, YTO MPH
r=0,1m ¢=0,npu r=2m¢ =100 B, g5 =¢g.

6.34. B 3apskeHHOM UMJIMHApE OOBEMHas TUIOTHOCTR 3apsaza
p = 5rexp(—2r) Kn/»’. Hcnoneys teopemy Octporpaackoro — [aycea,

Haiita D(r).
6.35. HaiiTh pa3sHOCTb  [TOTEHUHANOB 6, =30°
Mexy KoHycamu ¢ yriamu 0= 30° u 6, = 45°, ' 6, =45°

ecau npu 7 = 0,25 M u 0 = 30° HanpAKeHHOCTH ’\

nons E = lmuu;ouw.o B/M (pue. 6.15). ITo- 77/

TEHLMAN 3aBHCUT TOJbKO OT 0. YkasaHue: Hc-
0JIb30BaTh ypasHeHue Jlannaca.

6.36. B mpocTpaHCTBE MEXIY ABYMS
KPYIJIBIMH  KOHUEHTPUYECKAMHA  LIMJIMHAPAMH '
u3BecTHA O0BEMHas IUIOTHOCTH 3apana p (). Puc. 6.15
Ucnonssya ypasHenue [lyaccona, 3amMcarth BLIpOKCHHE IS NMOTEHUManNa
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@(r) ¢ TOMHOCTHIO 10 MMOCTOSHHBIX HHTErpUPOBaHHs A u B.

6.37. Haiitw 3asucumoctn E (r) mn @C.v B MPOCTPAHCTBE MEXIY
ABYMS  CEPUUECKHMH KOHUEHTPHYECKHMH MOBEPXHOCTAMH, €CM NpH
r=2cme =-25B,mpur=35cm ¢ =150 B, g, = 3,12¢. Ornpenenuts
TNOBEPXHOCTHYIO MUIOTHOCTD 3apsafa Oy Ha KaXIAOM POBOIHHKE.

6.38. Haiitu pa6oTy 1o nepemelienmio ToueyHoro 3apaga ¢=3-10°Kn
U3 TOUKH (4M, T, 0) B TOUKY (2M, T/2, 2M) LWHAHHAPHIECKOH CHCTEMBI KOOp-
L U S
AMHAT, €CIM HanpsKkeHHocTs nons £ =| —— I +107z - Z,
r

6.39. B cBoGonHOM NPOCTpaHCTBE MOTEHLMan ¢ = 2x + 4y. Haiitu
3HEPruio Kybuyeckoro metpa obbema ¢ BepuinHoi ky6a B Havaie KOOpJIH-
HaT.

6.40. B cOmactn 3navennii 0 <y < — unnmnapuueckolt crcTeMsl

N

60y

KOOpJHHAT M3BECTHO pacrpelnelieHHe noTeHuuana ¢ =| ——— (B. Haii-
V3

TH DHEPTHIO, 3aMaceHHYIO B 00beMe, ch::mmzzoz 0,1 <r=<0,6;0<z<I;

0< ¥ <.

6.41. Toucunsrif 3apan ¢ = 0,4 uKn pacronoxeH B Touke (2,3,3)MB
AeKapTOBOH cHcTeMe KoopauHat. HaliTh pasHOCTE MOTEHLMANOB MeEKIy
ToukaMu 4 (2, 2, 3)mu B (-2, 3, 3) m.

6.42. Haitru norenuuan Touku A (¥4 = 5 M) OTHOCHTEBHO TOukH B
(8 = 15 M), co3nauHbIN TOYEUHBIM 3apATOM g = 500 pKu, a Takxe noreH-
LHAJI KaXK10# TOYKH OTHOCHUTETEHO GECKOHEYHOCTH.

6.43. B otnacty 3navuenuii 0 < r < 2,7 M UMAHHAPHUECKON CHCTEMBI
KOOpAMHAT 33[]aH  BEKTOP HANPHKEHHOCTH 3JIEKTPUYECKOTO O

o EN ~
E= . o B/M, ampur>27m E=25F B/m. Haiitn pasHocts rio-
TEHLMAI0B Mex 1y Toukamu A (1m, 0, 0) u B (4m, 0, 0).
6.44. B coepuueckoldi CHCTEME KOOPAMHAT 3ajaHO  rojie
= 167}

E=s Iﬂm. 7, B/M. Haifth pasHocTh nmoTeHumanoB mexay Toukamu A
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(2m, , ©/2) 1 B (4wm, 0, T) ¥ DOTEHIHATE! STHX TOYEK OTHOCHTENIBHO Oec-
KOHEYHOCTH.
6.45. Paccrosmne [ Mexmy g

ABYMS TOUEHHBIMH 3apaiaMu ¢ = /
=2 uKn u ¢, = - 3 uKu1, pacrosioxkeH-
HBIMH B Bakyyme, paBHO 20 cM (pHcC.
6.16). OnpenenuTs HaNpPAKEHHOCTH E
W TOTEHLMa] ¢ TOJs, CO31aBaeMoro
JTHMHM 3apAfaMu B TOuke A, yxaneH-
HOii OT MepBOro 3apajga Ha paccTos- Puc. 6.16

gue 7y = 15 CM ¥ OT BTOPOrO 3apsja Ha I’y = 10 cm.
6.46. B npocTpaHCTBE MEXIY ABYMA chepHUECKHMH TOBEPXHOCTA-

MU 3a7aHa 0OBeMHas TUIOTHOCTb 3apsaa ). Micnonb3ys ypaBHEHHE Ilyacco-

Ha, 3aMucaTh BBIPAXKECHHUE AN BEKTOpa m , €Ciy MoTEeHUHA 3aBUCHUT TOJIb-

KO OT 7.

7. CTALUMOHAPHOE MATHHTHOE ITOJIE

OcHOBHBIE %ﬂﬂﬁ:n::! 0.8::0:&@:0_’0 anm.—*:d.:o—,o noJsis
Hdl = ._.m&w.w rotH =0;
/! S

{Bds =0; divB=0; B=yH.
S

%&.,ﬂ

5=, FIe ] — nuneinbiit ToK; dl —

- a dH =
3akoH Bro - Casap o

JUTHHA 3JIEMEHTa TOKa; 1 — paccTosHue OT 3J1eMeHTa TOKa 10 TOYKH, B KOTO-

poii onpexaensieTcs dH ; 7, — enuBu4HbIA BEKTOP, HanpaBJieHHbIH OT Jnie-

MEHTa TOKa K TOUKe, B KOTOPO# OMpeaeNseTcs dH (touke :umaauam_e_w\
MarsHTHBIH TTOTOK Hepe3 NOBEPXHOCTh S, OrPAHWYCHHYIO KOHTYPOM L:

@ =[Bds.
S

VIHAYKTHBHOCTb BHTKA C TOKOM, PaBHbIM I

®
L=—.
I

B3auMHas HHAYKIHA (BYX BUTKOB C TOKaMH Lnk:
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S S
\S«:HINFH\I:HENT
2 1

rne D, = ._‘ww ds, - notok sektopa B, , cosnasaemsiii Tokom I, wepes
S

nepBbiit kouTyp; @, = ._.m_ ds, — notok sektopa B, , cosnasaembiit To-
8
KoM /j uepe3 BTOpO# KOHTYD.

3apaun
7.1. PaccyMTaTe HanpsKeHHOCTh MArHUTHOTO MO HA OCH KPYTIIOro
IUIOCKOTO BUTKa PAMYyCOM d, TIo KoTopoMmy ripotexaer Tok J (puc. 7.1).
7.2. PaccuuTarh HaTPS/KEHHOCTh MArHUTHOTO TIOJIS KOAKCHAILHOTO
kabeas, NMPHHAB, YTO MO LEHTPANIBHOMY NPOBOAHMKY H OOONIOYKE TEKYT
OJMHaKOBbIe TOKM / B pasHsIX HarnpaBaeHusx (puc. 7.2). [locrpouts H(r).

Puc. 7.1 Puc.7.2
7.3. Hality B3auMHYIO HH/IYKTHBHOCTb IBYX BHTKOB (pHc. 7.3, a,0,B).
r>>r I>>pr>>n
|
ri £2
o -Awm ...... "
/
Il - A
, I il
a 0 B
Puc. 7.3

7.4. PaccuuTaTh HANPSEHHOCTh MArHHTHOTO MOJMSI LMITHHAPHYE-
ckolt Tpy6e1, o koTopoi nmpotexaer ok I (puc. 7.4). [Noctpouts H(r).
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7.5. OnpenenuTs HaNpsHKEHHOCTb MArHUTHOTO MOJIA HA OCH JUTHHHO-
ro COJIEHOMJA, COJEpXKAalero 77 BHTKOB Ha eIHHMIY JUIMHbL. Culia ToKa B
conexonne /, pannyc Butka a, yinna [ >> a (puc. 7.5).

7.6. JInvHHbIH MpoBOJ COrHYT B (GOpME LUNMIIBKH, MOKA3aHHOW Ha
pucyHke. HaliTi TouHOE BBIpaXXCHHE U1 MarHMTHOrO noJis B Touke 0 (puc.

Puc. 7.4 Puc. 7.5 Puc. 7.6
7.7. BBIMHCINHTD MarHUTHYIO HEPTHIO, COCPENOTOYEHHYK) BHYTDH
LHIHHAPHYECKOTO MPOBOJHUKA eJHHHYHOX JUTHH5I, 110 KOTOPOMY MPOTEKA-

er Tk I. MarHuTHas POHULAEMOCTb MPOBOIHUKA M. [locTpouts FI(r).

7.8. Tpu napanenwvHBIX NPOBOAA PajuvycoM » | 2 3
PAacnoNoMkeHbl TaK, YTO PACCTOSIHHA MEXIY HUMH PaBHBI
P12, ¥23, 713. ONpeNesIiTh MOrOHHYIO B3aMMHEYIO MHIYK- ri2| ri3

THuBHOCTH M2, M3, T.. metin 12 u netimn 13 (puc. 7.7).
7.9. Onpe e uTh B3aUMHYIO HHAYKTHBHOCTS Ha 1
KM JUTMHBI IBYX MapajuiebHbIX ABYXMOPOBOAHBIX JIHHHMA 1 TI3 3
nepeaady, MpPOBOAA KOTOPBIX DACMOJIOKEHLI B yIJax
KBaJIparta co CTOPOoHOM 1 M.
ri2
7.10. Toneit MEHBIH TMPOBOA MMEET pPajUyChl
¥y u 1y Onpezenuts COOCTBEHHYH HHAYKTHBHOCTb

123
2

Puc. 7.7
OTpe3Ka NpoBola JUTMHON /, monaras MJIOTHOCTh TOKA OAMHAKOBOM M0 BCe-
My CEYeHHIO MPOBOAHMKA (puc. 7.3).

7.11. Iposonognas pamka B popMe paBHOOEAPEHHOM Tpaneikn Ha-
XOIUTCS B BO3/yXe B OJHOM TUIOCKOCTH € JUIMHHBLIM NPOBOJIOM, IO KOTOPO-
My Teder TOK /. OnpeennTh B3aUMHYI0 HHIYKTHBHOCTb MEXIY MPOBOJIOM

u pamkoii (puc. 7.8).

7.12. OnpenenuTh HHIYKTHBHOCTh [ABYXITPOBOIHON JIMHHUH repena-
un pmanoit / = 10 kM npu paccTosunu d = 2 M MeXIy NPOBOJAMH, CUMTad,
4TO 110 HHM TMPOTEKAIOT PaBHbLIE TOKH B MPOTHBONOJIOKHBIX HAMPAB.IEHUAX.
Pamuyc mpoBojoB ¥ = 6 MM.

7.13. Onpenenutsh BIaHMHYIO HHIYKTMBHOCTb TPEYTOJNbHON NETIIH H
6eCKOHETHOro OAMHOYHOTO NPOBOAHKKA ¢ TokoM [ (puc. 7.9).
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2 R AP dr
1 | N
I ! ml 1 I @
i \{
}AN V“@V @ a
Puc. 7.8 Puc. 7.9

7.14. Keagpatsas pamka ¢ Tokom / = 0,2 A, mnomansio S = 9 cv’,
coctosmas w3 50 BUTKOB, HAXOAMTCH B OJHOPOJHOM MAarHHTHOM IOJie Ha-

npsokerHOCThIc H = 10 A/M. YTon MexiIy HOPMAIbio 7, PaMKH M BEKTO-

pom H cocraenser 50°. Onpenenuth MOMEHT Naphbl Cuil, AEHCTBYIOIIMX Ha
pamky (puc. 7.10).

7.15. Onpenenuts B3aUMHYIO WHAYKTHBHOCTB ABYXIIPOBOJHOM JiK-
HUY M PaMKH, 1exallei B INI0CKOCTH JuHAM (puc. 7.11).

7.16. B uMIHHAPHYECKON CHCTEME KOOpAMHAT 3a/laH BEKTOp Mar-

..N..
::a:os:EQx_:::wn hluﬁo. :»3s=o3x303uoﬁ,ovm;onougo-
r

aAKy, OrpaHV4YeHHYI0 koopauHataMu 0,5 M < r<25M;0< z <2 M
(puc. 7.12).

A z
n i () o 1 2
z Mo b (1

A,\Jmom 5] V

==k H PR

S A4 3

I

Puc. 7.10 Puc. 7.11 Puc. 7.12

7.17. HaiitH MarHWTHBIH MOTOK Yepe3 IUIOWAAKY, OrpaHHYECHHYIO
koopaunatamu @ = /4; 0,01 M < r < 0,05 M; 0 < z <2 M, ecaH TOK, Mpo-
TeKAIOWMI 10 NPAMOJHHEHHOMY NPOBOJHHKY BAONb OCH Z, paBeH [ =
=2,5 A. g = po (puc. 7.13).

7.18. HalTH WHAYKTHBHOCTb KOAKCHAJIBHOTO Kabens eIHHWYHOH
IUIMHEI 10 JJAHHBIM, YKa3aHHEIM Ha puc. 7.14.
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7.19. B cBOGOXHOM MPOCTPAHCTBE B LMIMHAPHYECKOH CHCTEME KO-

- R U
opamnar Bextop H umeer omHy coctagmomyo [ = —————C0SK;.
¥

HaiftTh  MarHuMTHBI# [OTOK 4epe3  [OBEPXHOCTh,  OrPAaHHYEHHYIO

|mmsmmw 0<z<1 (puc. 7.15).

z

Puc 7.13 Puc. 7.14 Puc.7.15
7.20. ITo nByM GECKOHEYHO
JUTHHHBIM TPAMBIM NapajuieNbHbIM
IPOBOJIHAKAM, PAacCTOAHHE MEXIY
KOTOPBIMH d=15 CM, TEKyT TOKH
I,=70 Aul,=50 A B O1HOM Ha-
npasiaeHud. OnpeaeauTs MarHuT-
Hyio uHaykumio B B Touke P, yna-
senHo#t Ha r; =10 cM OT nepso-
ro v Ha r, = 20 CM OT BTOPOro NpoBoHHKa (puc. 7.16.)
7.21. MaruuTHas uHaykuus B Ha ocu Topouna Ge3 cepieuHWKa
(BHemHuMi auameTp Topouna d) = 60 cM, BHYTPEHHHH — d, = 40 cMm), co-
nepxauero N = 200 sutkos, cocrasnser 0,16 MTa. TTonb3yacsk TEeopeMoii o

Puc. 7.16

UMpKyIsIMK BekTopa B , onpeenuTs cuy Toka B 00MOTKE TOPOH/A.

7.22. B OJHOPOJHOM MAarHMTHOM MOJjIe ¢ HHIYKLHeH B =0,1 Tn no-
MellleHa KBaJ[paTHas paMKa miomansio S = 24 cm’. Hopmais K IUIOCKOCTH
PAMKH COCTABJIAET C HANpaBJCHHEM MArHWTHOTO MOJA yroj 60°. Onpene-
JIMTH MOMEHT Maphl CHJI (BPAIUAIOUHA MOMEHT), €C/IH MO paMKe NMpOoTeKaeT
Tok [=1A.
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7.23. Tlo nByM napaii€SibHbIM MPSIMbIM
POBO/IHMKAM UTMHOH [ = 2 M Kaxabl¥, HaXoas-
MMcs B Bakyyme Ha paccrosuun d = 10 cm, B
NPOTHBOTONOXHBIX HAMpPAaBJEHUAX TEKYT TOKH
1, =50 Aul,=100 A (puc. 7.17). Onpenenuts
CHITY B3aUMOJEHCTBHA TOKOB.

7.24. 3anano nosne BEKTOpa

B=25 sin X e ?’Z, (T). Hairn
2

MOMHBIA MarHWTHBIA MOTOK BekTopa B uepes
MOBEPXHOCTh, OrPAHMYEHHYIO KOOpAHHATAMH
z=0; 0<y<o;0<x<2wmM(puc.7.18).

Puc. 7.18

8. IVIOCKHUE 3JIEKTPOMATHUTHBIE BOJIHBI

[Tnocko#t OMHOPOXHON HA3BIBAIOT BOJNHY, NOBEPXHOCTH paBHbIX (a3
KOTOPOM MpeAcTaBsoT coboii cemelcTBo MLIOCKOCTEH, MeprneHAMKYIAp-
HBIX K HAMNpaBJICHHIO PACrpPOCTPAHEHHS BOJIHBI, 4 aMIUIHTY/bl BEKTOPOB
OISl BO BCEX TOYKAX BOJHOBOTO (poHTa Hen3MeHHbl. KOMILIEKCHBIS aM-

-

wryss E, u H, miocko# 0JHOPOAHOH BOMHBI YAOBNETBOPSIOT OJHO-

POAHBIM BOJTHOBBIM YPABHCHHUAM ["enbMronsua

.
—

V2E +kE,=0; V?H,+kH,=0 8.1)
H B CJIy4ae OTCYTCTBUSA NOTePh MOTYT OBITh MPE/ICTABJICHbI B BHE!
E, =Ee ', H,=(E/2)e"h, &Lk 13, (8.2)

rae k= &)\mste - BOJIHOBO2 MHCIIO;
(0 — KpyroBas 4acToTa;
Z,.=qH, \ £, - BOTHOBOE COMPOTUBJICHHE CPE/bl;

Z — KOOpJIMHATA TOYKH HA HanmpaBiCHHH, BIOJIb KOTOpOro pacnpoctpa-
HASTCA BOJIHA.

Bekrops! nons £ w H nepnenanxynspHsl Apyr K ApYry W K Ha-
NPaB/IEHHIO PACTIPOCTPAHEHNs BOJHBI, OHY KonebmoTcs B dase u obpasyioT
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¢ BexTopoM IIoMHTHHra npaByi0 BHHTOBYIO Tpoiiky. Bexrop IloiiHrunra
ABSETCS GMCTO BEUIECTBEHHOW BenmuanHoi. CpenHee 32 MepHOl 3HATCHHUE

€ro BeJIM4HHbI paBHO
— m S =y H 2 s
NN% H.M.W.Qmm H.MN:NSNQN@. (8.3)
®a3oBas CKOPOCTb M CKOPOCT MZPEHOCA SHEprHH MIOCKOH OIHOPOHOMH
BOJIHBI oown.—gm.—O.H CO CKOPOCTBKO CB€Ta B bNEIOW— cpeae
.| @ c 0 i { e
2ot Pl o0
k gl w

»
NG
rpe w — I10THOCTh SHEpPruun me_ﬁ—ﬁ:..—on—ho_.o U MArHuTHOIrO :o.:o&. _umwzg
2 2
sl il
2 2

[1py pacnpoCTpaHEHHH MIOCKOH OIHOPO/HOH BOJIHBI B Cpeae ¢ Mo-
TEPAMH BOJIHOBOE YHCJIO k cTaHOBHTCS KOMILIEKCHOMN BETHYHHOM

w= (8.5)

k=pB-je,
roe f=0 .«..Mgn A): +1g7A + Hv - koahrumEeHT Pasbi,
a=w m.a%a A): +1g°A - HV - K03 (UUMEHT 3aTyXaHHs,
1gA = &o.m - TAHTEHC YTIIa 3MEKTPHUSCKHX 110Tepb;

a
O - NIPOBOOVUMOCTH CPEbI.

.
-

KoMIUIeKcHBIE aMIUTMTy bl BekTopos nons K, H,, nnockoii ojHopon-

HO# BOJIHBI B CPee C TOTEPAMH NMPH YCIOBHH OPHEHTALHH BEKTOPA H
BJIOJTH OCH Y AEKAPTOBOH CHCTEMbI KOOPIMHAT MOTYT ObITh MpeACTaBCHE! B
BHJE:

& -az ~jpz JAI2Z
E, =H,ZJcosAe “ e ek,
= . -az ~jfz3
H, =H,e " e "y,

=Ow6mvun=00.—.= paBHbIX Gﬂw U paBHBIX aMIUIHTYZ COBMAajalT, OTHOLUCHHE

(8.6)

KoMIUIeKcHIX ammnTyn Bextopos E, w H, cranosutca BenwunHOMH




KOMITIEKCHOH

Ha cosne’™’?, (8.7)

£

S il
ot m
Z, = T

m a
4TO FOBOPHT O TOM, 4TO Mexny Bektopam E, u H, umeer mecto casur
1o hase, pasHbiii o BenmuuHe A/2 1 MEHAIOIMIACA B Mpeaeiax or 0 no /4
B 3ABUCHMOCTH OT BE/IMHMHBI YIENbHON NPOBOAMMOCTH Cpelibl . Pa3oBas

CKOPOCTE CTAHOBHUTCH MEHBIIE CKOPOCTH CBETA

V== : (2
Pl ,\ e (feea +1)

IpHYEM HUMEET MECTO 3aBUCHMOCTD (a30B0i CKOPOCTH OT 4acToThl. Takoe
CBOMCTBO HOCHT Ha3BaHUE HMCIEPCHH, a CPeIbl, obnajaromue TakuM CBOM-
CTBOM, HA3bIBAIOTCA AMCHeprupyiomumy. Bextop [0HHTHHIa B 3TOM Cily-
qae OKa3bIBAeTCA KOMIUIEKCHOM BeHIHHOM

s bfesdds 1o aps
11 = |EH _ummwwﬁ

KOMIUTEKCHas aMIUTHTYAa MJIOCKOW OJHOPOMHOW BOJNHBI, pacmpo-
CTPaHSIOLIEHCs B POM3BOJIBLHOM HarpaBleHHH ! (puc. 8.1), MoxeT ObiTh
NpeACTaBieHa B BUE:

Nw«.: = msmn.\.t » N.NsNnx&uoaﬁ.v:omﬁ‘:oowﬁ.v.wo\o ) Am._OV
rae X, Y, Z — KOOpAWHATEI TOYKH Habmoze-
uus M,

Qﬁﬁwwﬁu — YyrJibl, omvmuowm_.:*r_m Harnpas-

jal2z

paryiicia (8.9)

e

JIEHHEM pacTpOCTPaHEHUA BOJHBI H COOT-
BETCTBYIOUIMMH OCAMH J€KapTOBOHM CHCTe-
MBI KOOP/HHAT.

INpu najeHny TUIOCKOH OAHOPOAHOMH
BOJIHBI Ha IUIOCKYIO TPaHHUY pasjena cpel
Prc. 8.1 K03 GuLHeHTE OTpaXeHHs R U npoxoxae-

anst T onpenensiores opmysnamu @penens. [Ipy 3TOM CiielyeT pasnnHarh

HOPMAIBHO MOJIAPU3OBAHHYIO BOJHY — BEKTOP E nepnenaukynspex «
wiockocTy nazeHus (puc. 8.2,a) ¥ napamieNbHO MOJAPH30BAHHYIO BOJ-

Hy —BekTop E mapanencH MiIOCKOCTH MafeHHs (pwc. 8.2, 6). ITox mwioc-
KOCTBIO MaeHUs MOHMMAIOT IUIOCKOCTh, MPOXOAALLYIO Hepe3 HOpMalb K
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rpaHuIle pasena M HanpaBJeHHe pacrpoCTpaHeHHA BoJiHBI (BexTop [ToHH-
TUHTA).

€1 ta_ .m.n_ 2 ‘tn_
m.aw 2 \hﬁu - mnw ’ \:nn
b7 g
X X
a 6
Puc. 8.2
Jins HOPMALHO MOJAPU30BAHHOMN BOJIHbL dopmyssl DpeHess UMEIOT BUIL:
_Z,co8p—Z,¢086 T 2Z,cos . @11

R,

~ Z,c0s0+Z,c0s8" " Z_,cosp+ Z,,cos0

JUIs1 IapajiesibHO —.—Ohm—ﬁ:wowﬁm.:.—o& COOTBETCTBCHHO:
2 Z, cosp—2,c0860 . _ 2Z_,cosQ @12
|~ 7, cosp+Z,c0s0" ' Z,cosp+Z,cos0
B npuBeAeHHBIX BbIe GopMysIax () — yroi naseHus, 6 — yron npenome-
Hust. CBA3b MeXKLy HUMHU YCTAHABIHBAETCA 3aKoHaMy CHenmyca:

/

1) yron nazeHus paBeH yriy OTPaKEHHs @ =7 -
2) OTHOMIEHHE CHHYCA YTJIa NPEOMIICHHA K CHHYCY yIJia MaieHHA LA
JMAIEKTPUKOB Ge3 NoTeph PaBHO OTHOUICHHIO nokasatejieli npenoMiIeHus

cpea (s HANEKTPHYECKHX cpest Ge3 noTephb):

sin® _m _ e (8.13)
sing n, ,\m
3apaun

8.1. TInockas rapMOHMYecKas NHHEHHO MO/IAPH3OBAHHAA IINEKTPO-
MArHWTHAsi BOJHA PACTIPOCTPAHAETCA B HEOrPAHWUECHHOM MPOCTPAHCTBE B

HanpaBJICHUH Z. h:w_:o_ﬁ.ﬁ::noxe_ NMPOHULIAEMOCTD cpensl &g = £(, Mar-

HUTHAA TPOHHLAEMOCTD Mg = H0. Y€/ IbHas NPOBOUMOCTL G = 0. Amuiu-




58

TyNla HAMPSXKEHHOCTH HNexTpuaeckoro nons £, = 50 MB/m. Yranosas 4ac-
— 8

tota ® = 10° 1/c. CocTaBiTh ypaBHEHHE BOJIHBI M OTPEIEIHTD €€ napaMer-

phl. OnpenenuTs BenuauHy M Hanpasnesne Bekropos £, I, niotHocTw

TOKa cMelenns O .

X 8.2. B none nnocko# BOJHEI, pacnpocTpa-
/

- HsIOLIEecs BAOIL OCH Z C YaCTOTOM @ U aMIuIu-

E

tynoii E,, pacnonoxesa miockas pamka ¢

NN. q PazMepamu CTOpOH g b (pwuc. 8.3). INnockocTs

5 . PaMK# MepneHAWKyJspHa K H . 3anucats Bbi-
H > ; ?
\\ b 7 Paxenue 1A OC, KOTOpYIO HABOAMT IJEK-
b

TPOMAarHUTHaA BOJIHA B 3TOM paMKe.
Puc. 8.3 8.3. ITIOTHOCTE MOTOKA MOIHOCTH 3JUIHIT-

THYECKH NOJIAPH30BAHHON BONHEI paBHa 20 B1/M’. BHIYMCIHTL NIOTHOCTS
MOTOKA MOIIHOCTH /15l OPTOrOHAIBHBIX KOMIIOHEHT, eC/I¥ OTHOUIEHHE OCei
amunnca noaspuzaumn 0,5, a casur a3z Mexay OpTOroHajJbHBIMUA COCTaB-
nsorma 90°.
8.4. Ha mmyTH BOJIHBI BblAENEH KyOuye-
cxuit 06beM co cropoHoit @ = 1 M (puc. 8.4).
Haiity 3akiiOueHHyI0 B HEM CPEIHION 3Hep-
— I THI0 37eKTPOMATHUTHOrO MOJA, €ClH aMIuIU-
I — Z ~
+-+4—  T1ynasekropa E cocrasuser 1 B/M.
M&. a\ 8.5. Tlnockas 3JeKTpOMarHUTHas BOJI-
Ha pacmpocTpaHAeTcss B CyXo¥ Mouse ¢ napa-
Yy METpaMH: yAeIbHasA MPOBOANMOCTH
Puc. 8.4 o =0,0010 Cm/M, aud/eKTpHYSCKast OTHOCH-

TeNbHas NPOHHLAEMOCTs & = 4. OnpelenTs KOIPOHUMEHT 3aTyXaHud,
$az0Byl0 CKOPOCTh M JUIMHY BOJHBI [UIA HaCTOThI 15-10°T'u. Haiiti pac-
CTOSIHME, Ha KOTOPOM aMIutuTya moss y6sieaer 8 100 pas.

8.6. TlokasaTh, 4TO 3a/IaHHBIE BBIPAKEHHA HE ONHCHLIBAIOT COCTaB-
JISIOLIHE TIOCKOH BOMHEI B BaKyyMe:

) - % S il
E=10e*%, H=3-10"¢7y,.

3.7. 3anucaTh MTEOBEHHOE 3HayeHue Bexropa IToHHTHHIa MIOCKOH

BOJIHbI, PAaCIPOCTPAHSAIOLIEHCs B Cpe/ie C MapaMeTpamMu @ = 107 paw/c, £4 =

=280, Haq = 10, © = 2 Cm/M. OnpenesnnTb MOMEHTbI W3MEHEHHS HaNpasJie-
Hud BexTopa [TOAHTHETA BOJIHE! HAa MPOTHBOTIONIOKHOE.
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8.8. OnpenenuTh NapaMeTphbi cpeas! 6e3 noTeph, B KOTOPOH pacnpo-
crpansercs Bonna, ecin E, [H, =40 Om, & = 0,254, Ao — 1HHA BOSIHBI

B BaKyyMme.
8.9. BeraucauTh Kod3(pUIAEHTH 3aTyXaHus VIS MEAX U CTEKIa Ha

- 7 o
yacrotax f= 10 T, 10° I, 10" ', 6, = 5.6:10" Cu/M; Gy = 10 2 Cwm/m.
8.10. OnpenennTh, Ha KAKOM PacCTOARUH OT HCTOYHHKA MJIOTHOCTH
[I0TOKA MOIIHOCTH TUIOCKOH BomHbl ymenbiuntcsi B 100 pas. [lapamerpet

cpenbl: £ = €0, Hg = 10, O = 10 Cm/m. Pabouas yacrora f= 10° '
8.11. OnpenenuTs TONIOMHY 3KPaHa, OCNAGIAIOUICrO HANpIKEH-

=10 i T s
HocTh nona Ha 60 B, ITposomumocts Matepuana o = 107 Cm/M; g = Ko,
f=10°Tu.

8.12. JlimHa BOMHBI, PAacTpOCTPAHAIOMIEHCA B BO3AYXE, COCTABIIAET
1 M. KakoBa AnMHA BONHBI Ha TOM ke dactote fB Meaw, cBHHUE? Oy =

=5,6:107 CM/M; G g = 0,48:107 Cm/m.
8.13. Tlnockas 3eKTPOMarHuTHas BOJHA paclpoCTPAHACTCA B Cpele

<2
¢ mapameTpamu &g = 1680, tig = po, ¢ = 107 Cm/m. Onpenenuts, 8O
CKOMBKO Pa3 yMEHBIIMTCA AMIUIHTY/IA 110714 BOAHBI Ha Kaxsie 10 M mpoi-

nenHoro paccrosuus. f= 10° T'u.
8.14. OnpeenuTs, Ha KAKOM PacCTOSHMH OT HAYANA KOOPAMHAT aMm-
MIHTYAA HANPAKEHHOCTH SNEKTPHYECKOro NOIs yMEHBLIMTCH 110 0,01 cBo-

ero nepBoHauATBHOTo 3HaueHua. Napamerpst cpenst &= 10, u =1, f=
10° T, o=102Cm/m, E, (0,0,0)= 5107 B/m.

8.15. Tiockas 3NMeKTpOMarHWTHas BOJIHA, 2
pacnpoCTPaHAIOIIAACA B CpeAe ¢ napameTpamH E
eq = 4eg, g = Mo, © = 0, najaeT HOPMATLHO 7

(puc. 8.5) Ha IUIOCKYIO IPaHMIly pasjena ¢ uie-
aTBHBIM MPOBOXHHKOM. OnNpeaenuTh MIOTHOCTh
NOBEPXHOCTHOrO TOKA HA PAHWYHOM MIOCKOCTH.

Amnnutyaa nagaomett sonssi — E, . Puc. 8.5

8.16. Bonna, Noaspu30BaHHas MO Kpyry, NajaeT Ha rpaHuiy ABYX
IUINEKTPUKOB. YeMy paBHAETCS OTHOMIEHWE BOJHOBBIX COMPOTHBJIEHHH
Cpel, €C/IH OTPaXeHHAs BOJHA JIMHEHHO NONAPH3OBAHA, 4 yro MaaCHUA
@ = 30°? 3anucath BHIPaXKEHHE JUIA OTpPaXEHHOH BOJHEI.

8.17. Tlnockas mapaaieNbHO MOJSPU30OBAHHAA BOJIHA, pacmpocTpa-
HAIOWASCSA B BO3YXE, NMAZAeT MO/ YoM /4 Ha NJIOCKYIO rpaHHLy pasjena
¢ WAEATBHBIM NPOBOAHUKOM (pHc. 8.6). OnpenentTh MIOTHOCTL MOBEPXHO-

s, =4¢ X
777777 =0
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CTHOTO TOKa HA rPaHWYHOW IUIOCKOCTH. AMIUIMTYAA Naaaiomeid BOJHbI

E

s.
8.18. Ilnockas HOPManbHO TONAPH3IOBAHHAA INEKTPOMATHHTHAA
BOJIHA, PacNpOCTPaHAIOLIAsCS B Cpelle C MapaMeTpaMH £, [(, Majgaetr noa

o
yriom 45° Ha MIOCKYIO IPaHuLLy pasjieNa ¢ UIealbHbiM MPOBOAHHKOM (PHC.
8.7). OnpenesuTh MIOTHOCTH MOBEPXHOCTHOTO TOKA HA rPaHWIHOMN MMO-

BEPXHOCTH, €CJIH aMILIWTY/1a najaioulei Boubl F, .

E_, 4Y H Y
\.w_a\ \.w n/
X X

Puc. 8.6 Puc. 8.7
8.19. B cBOGOAHOM MPOCTPAHCTBE 3a/aHbl MTHOBEHHBIC 3HAYECHHS

BEKTOpOB  anektpomarwutroro  momi:  H = Hcos(wf - ky)z,;

E =-1207H  cos(wt — ky)X, . 3anucath, Bhipakenne Ais MIHOBEHHO-
ro 3Ha4eHus BexTopa [NoiHTHHra U HaliTH ero cpeHee 3HaYeHHe 3a NEPHOJL
kosebanns, ecnu Hy =2 A/m.

8.20. Onpenemuts riy6GuHy MPOHNKHOBEHMS IUIOCKOH BOJHBI C Hac-
Toto /= 10° I't B cepebpo (0 = 6,14-107 Cm/m; g = pp). Onpenennts
WIMHY BOJHBI, (pa30ByI0 CKOPOCTB, KOIPOULMEHT 3aTyXaHus W Kod(GPuun-
eHT (ha3bl BOJIHEI,

8.21. OrnpenenuTs, BO CKONLKO pa3 YMEHbUIMTCA aMIUIATYJa io-
CKO#f BOJIHBI € 4acTOTON f= 2:10° I'y MpH pacnpoCTPaHEHHH €€ B cpeie C

napametpamu ¢ = 107 Cm/m, €q= 2, Hg = Ha pacCTOAHUH B IM.
8.22. B cpeae ¢ OTHOCHTENbHOH MarHUTHOM MPOHULI@EMOCTHIO U =1
HaliTh £ 1 ©, ecnn B 10i cpene E =307 ex Jj| ot lmk Z, B/m;
u ’

H =1,0exp| j §|M.<w Xy A/M.

8.23. B cBOOOAHOM MpPOCTPAHCTBE BEKTOP MArHUTHON WHAYKLMH
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75 Jlot+kz) =
B=B,e ¥, . Hcnons3ya Bropoe ypaBHenue Makcsenia (3axoH

3JIEKTPOMArHUTHO#H HHIYKLUHHA dapanes), N0Ka3arh, 410

- @ ; =
E= l.mwaa:eiaxo.
8.24. B HeOrpaHHYeHHOM MPOCTPAHCTBE C MapaMeTpamMu U = 1,

¢ = 50 sekrop E =20me’ 9%, sextop B = p,H, e’ *?3,.

Haiitu  u H,, ecnn quimna Bonst A = 1,78 M.
8.25. B cBOOOIHOM NpOCTPAHCTBE 3aaH BEKTOp

E= E, sin(wt —kz)y,. Wcnomsys Bropoe ypasHemue Makcsena,

HalTH BEKTOP H. H3o6pa3uth EwH mpu £ = 0.
8.26. B cBOGOIHOM ITPOCTPAHCTBE C MPOBOAKMOCTHK) ¢ = 0 M3BeCT-

(wt+kz) =
wo none H = H, e’ “)¥, . Uicioms3ys nepBoe ypasHenue Makcsenna,

HaiTH snexTpudeckoe noxe E .
8.27. B cBOOOTHOM MPOCTPAHCTEE BEKTOP

D = D, sin(@t + kz)X, . Vicnons3ys ypasnerne Makcsesia, nokasars,

£ RN | i
YTO BEKTOp MarHATHOH MHAYKIMA B = IImolﬁmEA&s +kz)Y,.

k

8.28. B cBOGOJHOM IPOCTPAHCTBE B HAIPABICHUW OCH Z pacmnpo-
CTpaHseTCs IUI0CKas BOJTHA c HaNpKEHHOCTIO

E(z,t) =40cos(wt — kz)X, B/m. Haiftu cpemsee 3HaueHue BEeKTOpa

TToHHTHHIA M €ro MOTOK 4Yepe3 IUIomAnKy paauycom 3,0 M, mepreHauKy-
JISIPHYIO K OCH Z.

8.29. Haittn (a30By10 cKOpocTs, KOIYPHUUHEHT pacnpoCTpaHEHU,
a Takke MIyOMHy MPOHMKHOBEHAS BOJHBI B ATOMHHHH Ha 4acTOTe
f=1,6 MI'y, eco ¢ = 1, 6 = 38,2:10° Cw/m.

8.30. B cpene ¢ napametpamu &= 4, 4= 1,6 = 0 pacnpocTpaHser-
Cfl TUIOCKAs 3/IEKTPOMArHHTHAsA BOJIHA, KOMIUIEKCHaA amIUIMTy/la BEKTOpa

HANPKEHHOCTH 3JEKTPHYECKOro MOMA KOTOPOH B MIOCKOCTH 2z = 0

E =0,5%, +0,2y,. Onpeneants KOMIUIEKCHYIO aMIUIMTYZy BEKTOpa

HaNpPAKEHHOCTH MarHHTHOTO nons, eciu z > 0.
8.31. OnpenenuTh NOCTOAHHYIO PACTIPOCTPAHEHNS MIOCKOH BOJIHBI,
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pacnpocTpaHsiomeiica B cpeie ¢ MapaMeTpaMH € = 8- s,
o= o.wu;o.z Cwm/m, eciv wactora sosiHel f= 1,6 MI'n. “
8.32. Ilnockas  3NE€KTPOMAarHMTHasA

Eos Mo |
f Om BOJHA C 9JIEKTPHYECKOH  COCTaBIIAIOUIEH
o= = -az j(ot-kz)z
m,# N z E=10ee X, B/M u wuactoroi
N J = 100 MI'u nagaer u3 cBoGoaAHOro Mmpo-
e
Hanpanaenne [\ CTpascTBa Ha MemHyw cpeny (Oy =
pacnpocTpaHeHHsN = 58-10° Cm/M) B Hanpasnenun z > 0 (puc.
8.8). OueHuTh 3aTyxaHue BOJIHbI B IPOBOIHH-
Puc. 8.8 ke (B %) Ha pacCTOSAHUM I1yOHHBI TIPOHUKHO-
senwn d u 5d.

8.33. Onpenenuth WMHY BONHBL A W (a3’oByl0 CKOpOCTh Vg
INMeKTPOMarHUTHOM BOJHBI, paclpocTpaHsioweiics B cpene 6e3 morepk ¢
e=pu= 10, ecmu f= 10 MI'u.

8.34. BeiuncanTts GazoByi0 CKOPOCTb, KOIPOUUMEHT 3aTyXaHHsd H
ryOUHY MPOHMKHOBEHMs Ui TUIOCKOH BOJHBI, PacnpocTpaHsiomencs ¢
gacToTo¥ 10 MI'u B MeTaIUIE ¢ IapaMeTpamMu G = 510" Cu/m, = 1,6=1.

8.35. B Bonne, pacnpocTpansiomeiics B CB000IHOM NMPOCTPAHCTBE C

dasoBoif noctosuno# 30 pan/m B HanpasjieHHH OcH (— mo ), U3BECTHA aM-
-

1

ummtyna sektopa H = WIt A/M. 3anucarth BbIpOXEHUs IS MTHOBEHHBIX
b4

-

suauenuii sektopos £ u H , eciu npu # = 0 nz = 0 Bekrop H nanpas-
nieH 1o ocH (— u.\o ). OnpenenuTs HacToTy ¥ JUTMHY BOJIHBL.

OrBeTbl

I'maga 1. BekTops!

= XX, + VY, + 22
1.4.41,9%1.6. 4x* = y* =15;19. F;; 1.10. — No \,NS ; s
@ +y +Nvﬂ

1.13. 5,4%, + 7,3y, —4Z,; 1.14. A;115. 4149 ; 1.16. {165
1.17. 426 ; 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;
1.28.-r; 1.29.24,14; 1.30. 7; 1.31.3 -2 y; 1.32. - 8; 1.33. 5; 1.34. 4;

10
1.35.-2,6; 1.36. — (2 +c0s@); 1.37.3 +r; 1.38. 1,25;
[

. 13
1.39. 4rsiné + I%.Qm%w 1.40.20+r,0; 1.41. 8e
r
1.42. AF[r; 1.44.36 7;1.45.20 7; 1.46. 3 mah; 1.47. 80/3;
1.48. 129.4; 1.49. 75 m; 1.50. 589,1; 1.51. 800 77; 1.52. 4; 1.54. 4 a..Quh

1.55.2 ma; 1.56. 0; 1.57. 0; 1.58. 0; 1.59. 3; 1.60. Awu\nlxN vw.o +2X2Z s
1.61. Xy — Yy —Z,; 1.62.0; 1.63. 0,52, ; 1.64. — 2,57, — 0,34z,

1.65. 16¢7% (1 = 57 )@, ; 1.66. 5@, ; 1.67. 4,337, — 2,56, +1,25¢, ;
1.68. — 57 ; 1.70. 0; 1.71. 3; 1.73. 0,3687, + 0,23Z, ; 1.74. 0.

~-10r

ctgd;

I'nasa 2. OCHOBHBIE XapaKTEPUCTHKH 3JIEKTPOMArHHTHOIO MOJIA:
3apsbl, AMEKTPHYECKHE TOKH, BEKTOPBI

%afy ¥2) o B9 dnale

2.1. pyr’a’ [5 Kn; 22.
/4 2 /4

23.0; 24. pywasin® 0p, A; pyora’[2 A; 2.5. poh’[3a A;
2.6. 7,7, [27e,d H; 2.7.-0,96:10"° H; -1,05:10" m/c%;
2 2 i
or® . wa = Gy 7
2.8. Fﬁo Alm; PR 4 5, dF, Mlﬁ&_u dF,,=0;
a 3 4
2.10.20-10° H/m; 2.11.0,0021 B/m; 2.12.2wK; 2.13.57K; 2.14.4 T A;

2.15.2,0 A; 2.17. (1087, +144Z,) B/m; 2.18. 6000 B/m; 2.19. 7,51 MA;
220.22; 2.21. (- 0,144%, — 0,108, )H; 2.22. 2(2%, — , — 2Z,) H;
2.23. 74,9%, — 485, — 64,97, B/m; 2.24. 18%, B/n;

225. (p, /26, )Z, Bim; 2.26.2,3-10° Kn; 2.27.-40-10° Kn;
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p.h 1 Tl X +Z,
228 =—| — +—|Z,:;2.29. 13,5| =2 | H;
N.m.o )\QN +\- h ! )\IN.
L0 3
2.30. 0,465 E :L.:.Eu
V58 3g,

2.32.-800 m; -1600 7; -1600 7T.

I'nasa 3. Cucrema ypaBHeHMit MakcBenana

3.1. 8,/4a*; 33. wultom wcosot - a’
3.5. 3 =—p,Hlvsina; 3.6. H=(1/27)p,;

E UV EUVS £,
L p : 38.t="2In2;

A& —wt) , (dy-wt) o
3.9. 0= Ny Habsinwt-@; 3.10.p=3knpr0<r<a;

3.7: 0

p=0mpn a<r<o; 3.1 bnmo\aAMa+uu\~v“ 3.12. .m.un-mo“

E
303 k=oyeu ;2= £ 314 0p=1510"B;
N-No m.n
lav 1 1
3.15.f= 11,410 T 3.16. I =28 " N:
2 |rp+vt+b r+vt

. 2
51 bsin wt %_sx+aw — mu-wQ ;
V2 r 2

e
322. I =0,1-10° A; 3.23.1=8/m A; 324. 6 =—=Z, npur<a;
na
8 =0 mpu r>a; 3.25. E,=0,0042 B/M; 3.26. Iyax =39,5:10° A
i = Inay Sin @01;327.9=21,310°B; 3.28. p=—e
p=0mpu r>2; 329. 9=-0,02sin10°t B; 3.30. p=40e";
3.31. 5 = 1250 sin10'° f A/M%; Oep = 22,1 c0s10' 1 A/M7; f=89,9:10° ',

3.19. 9=

npu0<r<2;
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['naBa 4. ['paHi4HbIe YCIOBHA

42.y=cx; 43. B = Bysin® &, (i /pt,,) +c0s’ @, ;

a, = arctg(i, /1, Mg, | 47.ps=€04; 4.10.802= Earsin’ P1;
4.11.1=06A; 4.16. H,= 025107 A/m;

4.17. D, = £,(10%, — 157, +10Z,); @1 = 54,2% 0 =29%

4.18. Hy=7,12 Alw; ap = 703% 4.19. E, = 3%, + 43, — 6Z;
420,y = 5,57; H, =1/ 1, X0,2%, + 0,55, + 0,54, );

421, m =5 w.o +63,; 422. 8, =1/ 3,725, —9.28,);
423. E, =(1/£, X1,25%, — 47, + 62,); 61 =22,6% 62 = 9,83°,

4.24. & =8,13% 425. E, =-3%, +4y,—0,5Z,;

4.26. @ =5¢,(2%, — 37, + 2%,); 61 = 54.2° 62 =29

4.27. H, = (1/ 1, X8%, + 5, 335, +40Z,)-107; a1 = 74,5% a2 = 13,5°;
428. § = ma,m:m\ & o).

I'nasa 5. Teopema [ToFiHTHHTa

54.r=2wm; 5.5 0" = u,0%a* [32; 5.17. H =-3%,+2Z,;
5.18. I1=9,95-10° Br/m’;

5.19. [T =—2,73-107¢/*%%, —1,785-107 "5, ;

m =-2397-107%, +0,405-107°3;; 5.23. E= 1940 B/m;
H=5,15 A/Mm.

[napa 6. DNEKTPOCTATHIECKOE TTONIe

-

63. r = 910° m; 64. E =prif4ac,; D,=pyrin/4a;
E = bonumw\Ameo ; UN % .boaumw\fh
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66.C = o8 . 67. = q

Ll Yol T dmea¥e

E 972 4q z
E= . 6.8, E=
Aﬁmnﬁn~+n~v5 2ma’e, ,\m o
g IR0 _
= at+z' -
% 2m’e, i
2 2.3 . LB
6.12. ¢ = d _5)\&|+Qq @v +AN vv“o._u. Py Q&u“
4re, JdPa bt =3 S
-rla 2
615, Wzt e g s Lo iBiopin e @ 1 4 L]
ra 8ma| 5S¢, &g,

6.19. ¢ = 35,6 B; 6.20. ¢ =49,7 B; ¢ = 60 B; 6.21. W =147-10" [ix;
2
6.22. W=10,224 l; 6.23. E = bw,s— 1F+8§2

3¢, * 6¢g,
E =4 : I.m|+3§~ 625. ¢, —p, = ——In’2;
? Are r? o 4re,r = 2me, 1
626. W =2ne,pa; Q =4nepa; 621. E=L53
Nmo
= 798-107"7 _ A
6.28. D =———r, K/m"; 6.29. 9 =100 B;
r
= 50,1
6.30. ¢ =50,1 Inr +3459 B; E ="——(—F,) B/m; 6.31. ¢ =200 B;
r

ps=266-10° K/m% 632. 9 =-250B; 6.33. E =—10,537,/r* Bim;
D =-93210"7/r* ;634 D=22 wé T+x+$ 7 K
r

6.35. 02— ¢1=1255B; 636. ¢ = IAD.N\A@T Alnr+B;

67

6.37. E =—3,717,/r* Biw; D =—0,1037%/r® wkain;
6.38. A =-0,392 Jix; 6.39. W= 10%/(36* ) Ix; 6.40. W= 1,51 107 Jix;
6.43. ppo— @B =825B; 6.44. pA—PB=-4B; PAx=—-8B;

1 (g} 2
PBo=—4B; 645. E = “ mo__ 8§+QN ;
4re, \ 1, W r
g\ w
I'nasa 7. CtauuoHapHOE MarHHTHOE noJie
< 1’z | P 7
7.1 H=——""57; 13. a) M), LT g =t
NAQN +N~% 2r, 167’
Iga a+b
713. M, = K82 _bIn 5 ) 7.16. @ = 6,44 BG;
/.4

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

I'nasa 8. Inockue MEKTPOMArHHTHBIE BOJTHbI

82. 9= moaﬁoom@x —kb)-cos ot]; 8.3.17,=4 Brim®;

1 160
I, =16 Bt/™* 88. &, =—— ®/m; 4, =— [w/m; 8.10.2=11,5m;
a m=
10¢ c
1

8.19. [T =120 HZ cos’ (ot — ky)yy; 11, = Mtwnﬁmou

8.20.d=204105m; A=12810"m; vg=128 m/c; a=L=4910" I/m;

=~ E. . -
821. 1,085 pasa; 8.25. H = ——-sin(or — kz )%, ;
Z

c

gus: ll.= mmmo Br/w’; b.ma&, =60 Br; 8.29.vy= 647 M/c;

3
k=22 10%e’* 1/m; d=64,410°u;
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830, F = (~L061F, +2,657,)-107 Ans; 831 k=j9.48:10% U;

8.32. 36,8 %; 0,67 %; 8.33.A=3m; vg=3-10" wic;
8.34. vy = 1,414:10° m/c; @ =44,4310° Im; d= 22,5:10° m;
8.35.f=1431Tw; A=m/15m.
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