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Pazgen 1. OCHOBHbIe (hn3nyeckne NOHATUA U 3aKOHbI

OneKkTpocTtaTuyeckoe none

[ToTOK BEKTOpa HanpskeHHOCTU. Teopema [Maycca

[MonapusoBaHHOCTL. [locTynaTt Makceenna. BekTop aneKkTpuyeckoro cMeLLeHns
HanpspkeHune, noTeHuman, pasHoOCTb NOTEHUNanoB

OnekTpoaBmXKyLLas cuna

OrieKkTpmuyecknin Tok. MNNoTHOCTbL ToKa

Tokun nepeHoca n nposogmumocTtn. ConpotusneHume. 3akoH Oma

Tok anekTpuyeckoro cmeweHnd. EMkocTb. MNMpuHLUMN HeNnpepbIBHOCTM MOJSTHOrO TOKa
MarHutHoe none. MarHuTHas NHOYKUMS

3aKOH MOJSIHOro ToKa

HamarHmnyeHHoCTb. HanpspkeHHOCTb MarHUTHOro nons. OB600LLEHHbIN 3aKOH NOSTHOrO TOKa
MarHUTHBLIN NOTOK U NOTOKOCLeNsieHne. 3aKoH 3NEeKTPOMarHUTHOW MHAYKUMM
NHgyktnBHocTb. QC camonHaykumn. BsanmHaa nHayktmeHoCcTb. S4C B3auMHOW MHOYKLUK
arnekTpuyeckas uenb. PacyeTHas cxema uenu. 3akoH Kupxroda

3aBUCUMOCTb PaCHETHbIX CXEM N YPaBHEHUN LEnu OT YacTOTbl (CKOPOCTU N3MEHEHUSI TOKOB N HarpsihKeHUm)
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Paspen 2. MeTtoabl pacyeTa U CBOMCTBA JNIMHENHbIX Leneun

16. Pac4eTHble cXxeMbl ICTOYHUKOB AHEPrn. banaHc MoLwHOCTEN

17. O06ob6uieHHada BETBb Lienu NOCTOSHHOro Toka. [Npeobpa3oBaHma pacyYeTHbIX CXEM
18. 3apauva pacueta uenu. lNpnmeHeHne 3akoHoB Knpxroda

19. Tononornyeckne NOHATUA N MaTpuubl. MaTprnyHble ypaBHEHUS Lienu

20. MeTopq KOHTYPHbIX TOKOB

21. MeTop y3noBbIX NOTEHLMANOB

22. CBoKcCTBa NNHENHbIX SNEKTPUYECKMX LLenen

23. MerTtop 3KBMBaNEHTHOro reHeparopa

Paspgen 3. dnekTpuyeckue Lenm cMHycomaanbHOro Toka



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

CuHyconpganbHble OC, HanpsKeHUst U TOKK

[MpencraBneHunst cuHycomaanbHbIX QYHKLMA BPEMEHN KOMMIIEKCHBIMWU YUCnamMm
ConpoTtueneHne, MHAYKTUBHOCTb U EMKOCTb B Lenn CMHyconaanbHOro Toka
3akoHbl Oma n Knpxrodpa B komnsiekcHon popme. KomnnekcHoe conpoTuBiieHne N NpoBOANMOCTb
Pac4eT pa3BeTBneHHbIX Llenen cCMHycomaanbHOro Toka

Tonorpaduyeckne BeEKTOpPHbIE AnarpaMmb

MowHOCTHM B Lenu cuHyconganbHOro Toka

Pe3oHaHC HanpskeHun

Pe3oHaHc TokoB

Pe3oHaHCbl B COXHbIX Lensx

OcobeHHOCTK pacyeTa uenen ¢ MHAYKTUBHBbIMU CBA3SIMUA

[MoHAaTue o TpaHcdopmaTope

CxeMbl 3amMeLLeHnst TpaHchopmaTopoB

Pasgen 4. MHOrononrCHUKN N YeTbIPEeXNOSIFOCHUKU

37.
38.
39.
40.
41.
42.
43.

Knaccudukauus n npumepsl

YpaBHeHUs 1 napameTpbl MPOXOAHbIX MACCUBHbLIX 1 HEABTOHOMHbIX aKTUBHbIX YeTbIPEXMONOCHMUKOB
OnpepgerneHne NapMeTpoB MNPOXOAHbIX MACCUBHBIX U1 HEABTOHOMHbIX aKTUBHbIX YETbIPEXMNOSTOCHUKOB
CxeMmbl 3aMeLleHmnsa

Xapaktepuctnyeckue (BTOpUYHbIe) NapameTpbl

NaeannanpoBaHHbIe YETbIPEXMOMCHUKN

OnepaumoHHbIN YyCUNUTENb

Pazpgen 5. Tpexda3Hble uenu

44.
45.
46.
47.

OCHOBHbI€ NMOHATUS U CXEMbl COEAMNHEHNS]

PacyeT CMMMETPUYHbBIX PEXNMOB

PacyeT HECMMMETPUYHBIX PEXMMOB

Bpawatoweecs marHutHoe none. MpuHuun aencTems TpexdasHbiX ABuratenen



Paspen 6. lNepuoanyeckne HecuHyconaanbHble TOKU

48.
49.
50.
51.

PasnoxeHune nepuognyeckon pyHkumnmn B psag Pypoe

[ANCKpeTHbIe CNeKTpbl CUrHanos

[MpumeHeHne pagoB dypbe K pacyeTy TOKOB, HANPSXKEeHUW, MOLLHOCTEN
HecuHyconaanbHble KpuBble C Nnepuoandeckon ormdaroLlen

Paspgen 7. lNepexoaHble npouecchbl B JIMHENHbIX Liensx

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

Obwume ceBepeHUs

Knaccuyeckun metoq aHanmaa

[MepexogHbI NpoLecc Npu OTKNKYEHUN KaTyLLKK

[MepexogHbi NpoLEeCC NPU BKAKOYEHUM KaTyLLKM Ha CUHYycOoMaanbHOE HanpsbKkeHne
[MepexoaHbin npoueccBUuenMR—L—-C

EOVHWYHBIE CTyNEeHYaTble U UMMYNbCUBHbIE OYHKLMK

NuTerpan Qioamens

[Mpeobpa3oBaHue Jlannaca wn ero ceoncTea

3aKOHbI ANTIEKTPUYECKUX Lenen B onepaTtnsHon opme

[MocnepoBaTenibHOCTL pacyeTa B ornepaTuBHOM hopme

CnekTpbl HENPEPbLIBHbLIX CUTHAMNOB

[MepenaTtoyHble PYHKUMM U YACTOTHbIE XapaKTEPUCTUKM INEKTPUYECKUX Liernen

Pa3gen 8. YctaHoBUuBLUMECS nNpoLecChl B LiensiX ¢ pacnpeaerieHHbIMU napamMmeTpamMum

64.
65.
66.
67.
68.
69.

OpgHopogHasa oNWHHAas NUHUA N ee ypaBHEHUSA

BeryLwine BOnHbI

YpaBHEeHUS NUHUM O OeNCTBYIOLWMX 3HAYEHNN TOKOB U HaNpPsXeHUN
KoadhdmumneHT oTpaxkeHust BonHbl. CornacoBaHHbIN pPeXUM paboTbl NNHUI
BTopnyHble napameTpbl 04HOPOAHON NNHUK. JIMHKS 6e3 nCKaXXeHUn
JTnHna 6e3 noTepb



Pazpgen 9. lNepexoaHbie npouecchbl B ANIMHHbIX JIMHUAX

70.
71.
72.

73.

Obuwee pelleHne ypaBHEHUN NUHMM 6e3 NoTepPb

O6wuin meTon HaxoXaeHNsa OTpaXeHHbIX BOSTH

KauecTBeHHbI aHann3 nepexoaHbiX MPOLECCOB B NUHUSX, COAEPXKaLUMX COCPeaoTOHEHHbIE CONPOTUBIIEHNS,
NHOYKTUBHOCTU U €MKOCTU

MHorokpaTHble OTpaXeHNs BOJH

Pa3pen 10. HenuHenHbIe Lenn NOCTOAHHOIO TOKa

74.
75.
76.

77.
78.

Pe3ncTneHble HENMHENHBbIE ANTEMEHTLI U NX XapaKTePUCTUKN

['padnyecknn pacyeT npu nocnegoBaTeribHO-NapannenbHOM COeANHEHNN OBYXMOMOCHbIX 3fIEMEHTOB
[‘padhuyecknn pacyeT Lenn ¢ HENMMHENHBIM YETbIPEXMOMOCHUKOM. JIMHENHbIE CXEMbl 3aMELLEHUS HENUHENHbIX
3NEeMEeHTOB

OCHOBHbIE NOHATUSA, OONYLLEHUS NPU pacdeTe U 3aKOHblI MarHUTHbIX Llenen

PacueTbl MarHUTHbIX Leneun

Pazgen 11. HennHenHble uenu Nnpu nepeMeHHOM TOoKe

79.
80.
81.
82.
83.
84.
85.

XapakTepUCTUKN HENMMHEWHbIX 3NTIEMEHTOB MPU NePeMEHHbIX TOKaxX U HanpsHKeHUAX
HekoTopble pusnyeckne aBrneHna B HeNMMHENHbIX LLenax NnepeMeHHOro Toka u nx npumMeHeHue
AnnpokcnumMmaums xapakTepucTuk HermmHenHbIX 351eMeHTOB

OcHOBHbIE METOAbI pacyeTa

[Mpumep npuMmeHeHna mMeToda KyCOYHO-SIMHENHOM annpokcumMmaumm

Cxema 3aMeLLeHnst 1 BEKTOpHas AnarpamMmma KaTyLwKn ¢ peppoOMarHnTHbIM cepaeyYHUKOM
deppope3oHaHc

Paspen 12. NMNepexoaHble npouecchbl B HENMTMHEMNHbIX Lensx

86.
87.

MeTopn ycrnoBHoOW nuHeapusauum
MeTo KyCOYHO-ITMHEVMHOW annpoKcuMmaumm



88. MeTtopq nocnegoBaTteribHbIX UHTEPBAroB
89. T[loHATME 06 YCTOMYMBOCTU peXMMA B HESTMHENHBIX Liensix

Paspen 13.Teopua anekTpoMarHMTHOro nons

90. YpaBHeHua Makcsenna B andpgepeHumansHon popme

91. TlloctynaTt Makceenna v NpuUHLUMN HENPEepPbLIBHOCTU MarHUTHOro nNong B guddepeHunansHon gopme
92. YpaBHEHUS ANIEKTPOCTaTUYECKOro MNosis

93. [paHun4Hble yCroBUA B 3S1IEKTPOCTAaTUYECKOM MNore

94. JnekTpu4deckoe rnore NocTosiHHbIX TOKOB. CKanapHbI NoTeHuuarn
95. MarHuTHoe none NOCTOSIHHbIX TOKOB. CKanapHbI NoTeHuuarn

96. BeKTOpHbLIV NOTEHUMan MarHMTHOro nons

97. Tlnockasi anekTpoMarHMTHasa BOSiHa B OU3NIEKTPUKE

98. Tllnockas anekTpoMarHMTHada BOSiHa B NPOBOAHMKE

99. BekTop lNontuHra

100. lNoBepxHOCTHbIN adpdekT n adbdekT 6rmsocTu



1. OcHOBHbIE (PU3UUYSCKUE NOHATUR U 33KOHDI

1.1 OnekTpocraTtuyeckoe none

3akoH Kynoné
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1. OcHoBHbIE (hU3UYECKHE NOHSTUA 1 33KOHBI
1.3 Monapu3sosaHHOCTb (P)
Mocrynar Makcsenna (§ DdS=g)
BekTop anekTpuyeckoro cmeteHus (D)

AV

: [Kfl]
AV—0 AV ,"",

P=xE




1.4. HanpshkeHue, noTeHuunarn, pasHocTb NoTeHLMarnos.

Hanpsioicenue - smo paboma,

Komopyio mooaicem
cosepuiums IAeKmMpuiecKoe
none...



1.5 OnekTpoaBwxkyLlas cuna

I/IC - amo paboma,
3 |

cogepuiaemas

A L e

| P
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2 e 8= 0.

CMOPOHHUMU
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bmanb
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1.6 OnekTpuueckuin Tok (i)
MnoTHocTb Toka (O)




1.7 Toku nepeHoca v NPOBOAUMOCTH,
ConporusneHue. 3akod Oma.

Kd

N

d inep =

u=Ri , i=Gu , rae G=I/R



1.8 ToK 9MEKTPUYECKOTo cMetenys (i.,.5.). EMkocTs (C).

MPUHUMN HENPEpPbLIBHOCTH NONHOTO TOKA (j’>5ds =0)
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1. OCHOBHbIE (hU3NHECKMEe NOHATHA Y 3AKOHbI
1.9 MarHuTHas MHAYKUUS (B) |

npo6od
He 3apAaxeH!
O\




% $Bdl = poi.rae i =iy, +ing iy

1.10 3akoH nonHoro Toxka (fETI = uoi) |

Teopema [aycca

S———
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dl-cosa = rd0

B = [T wo =4n-10"7
2nr

| ‘ 2n “()i
f-BdI = j'-BdI Cos oL = j = rd0 = noi
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1.11. HamaraudeHHocTs (M)
Hanps»eHHOCTb MarduTHoro nonsa (H)
OB606WEHHbIN 3aKOH NONHOro ToKa

&B—d[ = UWoWIi + ].lol' =} IMZI-=§M-d7

amb

}‘ = M \dl =wi H=E-M §>Hd1=wz
Lo Ho

B nuHeitHbIx cpepax: B = W,/
B nenunetHbix cpedax (peppomazemuru): B(F) - nenuneiras gyrxuus

Cnuska BI
nemnu B-

Mazrumo-
MSsIZKUe
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MazaHumo-

lMpedensHbil meeposie

UUKI




1.12 MarHuTHbii notok () u notokocuennexue ()
‘3aKOH 3MEKTPOMArHUTHOM UHAYKUUM
| |

@SB, ZOW=VY @=[BdS,[Bo]
= . S




1.13. UupyktusHocTs (L), SAC camonHaykuum (¢, )
B3aumHas uHAYKTMBHOCTbL (M)
OAC B3auMHOM MHAYKUMM (e,,)
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1.14. 3Bnekrpuyeckas uens
PacyerHas cxema uenu
3a|<ouu Kvpxrocda
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L 5 3n 3Hepauu
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1.15. 3aBUCMMOCTb PACYETHLIX CXEM U YPaBHEHUN
uenu OT HacToTb! (CKOpOCMU USMEHEHUSI MOKO8

MpuHuMnuansHaa
cxema

*rL@Qb _,zl,éf;xf‘

."»l."-"". “;’—... ,"' N‘-"[_'_"
1G||

R - - — ; (eovassbhonnseae

MpubnuKeHHbIe pacueTHbIe CXeMbl U YPaBHEHUA
I'Ipu 8bICOKUX Yacmomax u HECOBEPWEHHOU U3oNayuU

”J R ic = Gu(t) ic =C‘;—t

i =lc +ic +IL
IH x qacmomax U COBEPWEHHOU u30onauuu




2.1. PacyeTHble CXxeMbl UCTOMHUKOB HEPruu
BanaHc mouwHocTen

UaR,, ) Boner-amnepHsie  PacuyetHble Cxembl
1 7™ , xapakTepucTuku Hemounun AC(Ry, =0,G, =o0)
\ 3 Uxx = £ _MHodeanssill
T Mcrommnk ) [ UomovHUK
e \ / Toxa il
~ Uy - 1 UcTou (G =0

B &p\amé;uua = . Py Ry =)
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. o=y
,' / l\ R
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Pexum |

norpebnenus

Eg 0 P=x+El
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o — P=+JU

=7 (eTouHK) S(* EI +JU)=3RI*
R P=UI=RP=GU? v v

(—I-l;j—' (notpebutens)  Yactb cnaraembix <0 Bee cnaraemeie >0
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2.3. 3apava pacuyera uenu
______ MpumeHeHue 3akoHoB Kupxroga
L{2a D

- UzgacmHbl: cxema yenu (p eemeed, ¢ y3noe)
3 ’ u napamempe! ecex eemeeid R, E, J

- - Onpedenums; MOKU U HanpPsXXeHUs Ha
8CEX BeMEAX

yumep
B cxeme 6 Heu3eeCcmHbIX moKos -
- HY)XXHO 6 He3a8UCUMBIX ypasHeHUU

Ana yanoe:
.—12—16+I3 +Jg =0
latlg=15=Jg =0

(\'+12-1|+15=0

/ “3mo ypasHeHue He 200umcs - =
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Ans koHmypos:
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2.4, Tononoruyeckue noHATUA U MaTpuubl
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2 6. Meron Y3Nn0BbIX no'reuuvlanos

~ Weems neuseecmeN
IMOKO8, HO MONBKO

2 neuaeecmub;x/ /¢!
nomeryuanal
- __-/

=J
i i | 1'%y
G1+G2+G3) o ~Gl-@2 (2 03 = =J1+G2- E6
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[@]-[G.’.I G.’.":l[ } = (‘2(1‘6 (p|) 14-64((93 1‘4) le=1+1s.
Y3noeble ypaeHeHuA 6 Mamputmou popme
GP=J. 200 G=AG,A", J= A(Je G:-Eq)
Hanpsxenusi gemeeli: U , = A (p

»

Neperoc E6 « 2[-1 110 0]. J1 |
C I 001 -1 -G2-E6
Gy 0] Ja—=GeE; =|0
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2.7. CBOMCTBA NUHENHDBIX ANEKTPUHECKUX Uenen

lMpuHyun HanoXxeHus
T @Ez
13. /3 E‘: <R3 R
Ry I, i) '712
R>
2 ly Is
Iz =-Ig+lz
L=1+13

lMpuHyun esaumHocmu

I = Iro +GuU;
U =Upo +ayU; 1x0,




2.8. MeToa 3KBMBaNEHTHOro re

o nobbim d8yM moYKam:

Hepartopa

pia 1 =02

. - - -

0

OnpedeneHue napamempoe 2eHepamopa pacyemHsiM nymem

H

Mepedaya mowHOCMU OM aKkmueHo20 G8YXNONKCHUKA K Hazpy3Ke

$)
" K.I.J = Fir

E 0

Er=1_Rr=l

I IH = Er 1,00
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sz¢- l" R.mo
U= Eg+ S0 = B+ Rugl Al

-—{ —_— ‘; e le———

SO 8-

Hiy=Ry=10,.100 Om; #Hy=0

.

An
Aml Ry @[}Ag‘. ¢Gzz 'AM:
| M= =20..200 Om; Ha=Gn=107107 Om' o

Jo
( _‘,‘_ =5 2(11.u2) B oxpecmuocmax pabovelt movku A;
' 55 o, , Ou
m(n.u:)l et 1" A= =, 'Au t= 'Aws = H Ay Hy A
N oy iy
\— P ————, ’

. O . Ciy Lo
A= == Ayt Anr=Hu Ay +HoAu;
n cuy

Ansa bunonsapro2o mpansucmopa:

Al




10.4 OcHoBHble NOHATUSA, AONYLWEHUs NpU pacyeTe
¥ 3aKOHbI MarHUTHbIX Lenewn

Hh—g o
] s
Bl s
— \ 7
Monsmus: ®=[BdS - marnuHmit noTox (B6);
,0 A Un=liidl - MarumTHoe Hanpsxenwe [A];

Ru ~1tg a }” P (HamarHuu¥BaWan cuna)
: I'=iW - marmuroasmxywan cuna (MAC) [A)

| Um
/ ®(Upn) - sebep-amnepHan xapakrepucruka

Ru=Up/@ - CraruMeckoe MarHuTHOE Conporuanexue
Honywerus: 1 =0, ®=0q=const;

o=des:|;-s (Ss=(1.1...1.2)S):

2
1 3 3 UM=IF|(TI -“—'H'Iep:
4

" !
o] Ha nunenHom yuacTxe (8 3asope)
o\ RM=UM: .'! = ’ (R\‘.: .i )
® poHS oS oSs
o= @, Dy -
PBdS-0 P gy §iidr = £ iw
Q=P+ D, L ol : R | *Hylv=Halot ... =X 4 Wy

RS
B yane: = ; B KouType:
=) =25 B




10.5 Pacuerbl MarHUTHbIX uenen

- [Mocrpoenue ®(Uy) Ana HEPA3BETBNEHHOIO y4YacTka
MarHuTHOW uenu:

2 | Byl ® | B2| B3| Bs| Hy|Hz |Hs | Ha | Uns
1282
—— - . - - - L L] - - .
U "'s‘ " J a ¢ . > - . . . L L L .
F - = - . .
: ;’; t:;_f 1{2 . . - . - .
’ - g )2
|0 | @ . Bs | «
= - =2 SHILIW
13,53 :
- Pacuer HepassersneHHon uenu
o g F=ilW Uni(®)
o o
’ ® —@—@— IW-2Ry®
(& w 11,84 o-_§ —
i) g Un(®)
: []rws [Jres /
!.5 S‘; U
: Usz(®) 0 U il
252 iW-2R®=Up1+Use=Un(®)
- Pacyer passerBNeHHON Uenu @, ®y(Unus)+P2(Uns)
d <
e e O3l < O3(Unaan)
- (P, @y Iy ®; —o0 | M
il ”," o;. 8 : ! iz I QT o — — =
1 A W

W oW, Um
Unas@1) = i1 W1-Unay (®1)
Unot@2) = 2 2-Unia(®2)
D3(Untan) = @1 Unees )+ @2(Untan)



11.1 XapakrepucTukm HeNMHenHbIX ANEeMEeHTOB
NpY NEPeMeHHbIX TOKaxX ¥ HanpsmKeHusX

Tunb! NpUMEHREMbIX 3NeMEHTOB

PeauctueHble — S J— | MHAyKTUBHBIE |  EMKOCTHbIE
&wuepunonnuei VHEePUMOHHBbIE ~ —

XapakrepucTuku AnNs MrHOBEHHbIX 3HaYeHUN
- CTatuMeckue, - AMHamMmuveckue

XapakTepucTukm Ana ASNCTBYIOWMX 3HaYeHUH

uU(I) uU(l) ¥ = Wm sin ot q = qm sin ot
He coBnagert COBNANaerT Co U =o¥mcos ot i = 0qm cos ol
cu(i), Tak KaK  CTaTU4eCKOM | Um=2xfBmSw Im = wQm
thopma XapaKTePUCTU |\ . 4 44 (BuSw | | = ©am/\2
curHana u(t) kow u(i). i UsUnlka
He cosnapaer Ia m

c i(t) np" UM. lm""COnS‘: w kﬁ

R = 2 = const. U(I) noxoxa | I(U) noxoxa
L Ha OCHOBHYIO | Ha OCHOBHYIO
Ram = f(Um, Im) ~ KpuBYto B(H) | kpusyio q(u)



11.2 HekoTopble husnyeckue ABNEeHNA B HENUHENHbIX
Uuensax NepemMeHHOro Toka u ux npuMeHeHue

i\

MNpeobpasosaxue
cnexrpa
CUrHanoB

Bnuaxue s

NOCTOAHHOM
COCTaBnNsAoWen
Ha NepemMeHHyo

TpuUrrepHsin

adbdexr

ann
NN

- BbINPAMUTENMN,

- YMHOXUTENN
YacToTh!;

- crabunuzaTops!;

- OrpaxHuunTENV;

- hopmuposarenu
CUrHanos;

- YCUNUTENW;
- PErynavopsi;
- MOAYNATOPSI;

..........................

- DECKOHTaKTHbLIE
KNIO4U, pene;

- UHBEPTOPbLI,

- 3anoMuHalou1e
YCTPOUCTBA,

- (bopmuposarenm
UMNYNbLCOB,

--------------------------
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11.3. Annpoxmmauwsapai«epucm}
HENMHEMHbIX NeMeHTOB

A. AnnpokcumMmaumsa aHanuTu4eckon yHkymen

Yacro ucnonsayemsie
anNNPoXCUMUPYIowUe yHxLum
y=aeb"+C y=ae""-l
y = ashbx y=ax®

y=aytayx+ayx?tayxd ...

Cnocobu onpeaenenna KOIPUUMEHTOR aNNPOXCUMUPYIOWEH DYHKUWA

1. Meron esibpanmsx 2. Meroa HanMmenslmux
TOMEK K8anparos
i\=a A -] ; OGecneunsaer MuHuMyM
=g O] CPEeAMEKBAAPATHUHHOIO
a=a« ' OTKNOHEHWA ANNPOKCHMU-
] g ,_1“ pylowen gywsumn o1
b= In eyl 33Q3HHON 8 NPON3BONBLHOM
L L uMCNe TOMEK
That.
a = J"W' . i
¢
> 2 min
") ) u i1

uum  napabonuueckumu  unu

[ » [ » ia

=

> J——

B. KyCOuHO-NMHENHAA 1 KyCOMHO-aHanuTu4ecKkas annpoxkcuma-

Kybuyeckumun cnnanHamm

i »

Sv

u




11.4. Oci

Memoo

1. Mpapunecsuin wnu
AHANUTHUIECKUIA NO
XapakrepucTukam
ANA MIHOBEHMBIX
3HBVEeHUNA

2. AHANUTUYECKUA

Wit = g sinet f i j
if)= av+l$\u3 = Ay sinort., —

Pacqer nuuen-

NP KYCOMHO-NUNE - HOCTW uenu v
HOA anNNPOXCKUMaUMK COrNacoBanne
XapaKTepuCTUKm peweni
- [papu4ecxui BAPHUAHT
i I‘ - U - ’+ lﬁ'-?.
3. Mpachuueckwin wnu = Upsinfat+q) Uicn™?

aﬂanHYMQeCKMﬁ no ' — I "g”' W ¢=’
XapaKTepUCTUKam L=
ANR ABACTBYIOUMX

IHAMCHWA UNK ANR
NepPBbLIX rAPMOHKK
(Meroast 3xsvsa-
NEHTHBIX CHHYCOMA,
Manoro napamerpa,
rapMOMWMECKOR
NUHEaAPU3aumn).

Hecunycouaanbhbie
KPUBLIE 3AMEHAIOTCA

IKBUBANGHTHLIMK NO
REVCTRYIOWMM 3HaYe-
HUAM CHUHYCOMAaMU
WUNU NEPBLIMK rapPMo-
HUKaMMK.

v ‘} o 0 " *j(l)l;l :

| Ynell)
/
e AHANUTANECKUIA BAPUaNT
) =ty ft) ~ L -:-II-’- ’m =alyem * bUsm‘m

Upsimfor+@)= Uyesin ot + oll cos of

Uy fcosp sin ot Ysing cos w1) = 5
= Uyesin ot + oLfaUyeg 4 Uy, Joos 01

U m = U"cm : ' oy
U:’MO = oL@Uycy, "‘bUs»im)} = {gum



Un Uy .
I"---k-:: =k::‘ sin ot

ic=0CU,, sinfor+¢)
i =iy +ic =U, Y sinfot+¢)

"p" of = az u(::.-Umﬂ'naz » s f". - %‘ .
82 @
m.e. Upsinoy=A ¢ “i. Omeioda A=Uy, e “*0C sin o,

LER Ly _v"; T‘
./’.'{‘:(?L‘\' b~

1 =Up €
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6. m@a SUIeHUR BEKTODHana aAunarpe 3
T S R T e R O A N e e e s eI 2 Z Lyn-;]'
Kanm i m cepne OM
- A TN LN d oA A - ] v A -~

f‘l’ | Al

S sin of

Yuer akTuaHoro CoOnpoTHaNenus
KaTYWss ¥ NOTOKA PacCesHus

Yor .
JAS
. Ry j
s | s ) v o.r_“ﬁlxs / ’P
‘ -
=& Ryl ,‘-‘-jB

%1 | |

= — o
UsUs ¥ Ry X! >




VU=@®)2+ (U, - x 1P
Crabunuaaumus U

Pe3oHaHC mokoe

.»,':‘-6‘-"-"' ‘,’ "
il i’c &
L

AT
:'\CA, -

ABTOMOAYNAUMA

oA
v




12. MNepexoaHble NPOLECChl B HENMHEVHbIX Lensx

R

Yoo

Wap =] udtf - WmCoSmt;
Ve =AE T,

rne 1= l‘-"R-'ﬁ!-,bm“'\y

Im

V= -Wncosot +A6T | tot

Mput=0:¥(0)=0, *lmyer
O0=-¥Yn+A A=Y




12.2 MeTop KYCO4HO - NHEI1HOM annpoKkcumaLim.

oL s
|U
. \p1
O Yo
i(0)=0; Y¥(0)=0;
el
"M R
a¥ . = :
&t Y 0 i ,
ycr
t=0..t4 t=ty..00:

i=0...i1; ‘l’=0...q’1;

i = i1-.-lyc'; \l’=w1...\yycf-

\II _\ll
Y=L4i, rpe L1=-Tll VY=Wy+Loi, rpe Lp= —%D
- di o
L1 YRz Lorgrtney
L : 1= lﬂD+A2e :
i = ch,(1-e ) .
. Mpu t =ty iy =ch1'+A2
L1 Jon=7 -B_ -
=.=1|ninp =" : . (t-t1)
t R1 n lnp L® lyct+('1 = IVCY)eLZ
i 4 T2

-1




+ ez 4 R
(o ™} ¥,
“Pkﬂ‘ AWV //
U W k;l//
\llz
° ‘Y1
d¥ +Ri=U i
dt — 1 -
| @1 i2 ik Ike1
AY 0
At YU - Ricn; AY(U-Rik1)At;  WkaWie1+AWk
k t " ix |AWye1 .
0 0 0 0 UAt
1 At AW1 | i1 |[(U-Riy)At
2 | 2at [wravd i |(U-Ri)A
+ > iR
G | ba— !dq; / .
— +Ri+Uc=U |A¥k=(U-Rix-Ugk-1))At
U %lJ dt <
v .~ 9Uc o
o =G |Maeghat
Kk Wi | & | U AW AUc(ks1)
0 0] 0] 0] 0 | UAt ;0
1 At AWy i 0 [(U-Rip)At C At
2 | 24t fPuAYZ @2 | Uca |(U-Ri-Uco)at| & izt
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124 noun'me 06 ycromuaocm J

7
- i
R:+L(dl't- +Us=E
B To4kax pasHosecus 1 n 2:
[ d'  =0; i = const 2
N

/My t=0 E=i*AK0).
Mpwu t>0: R(:+A:')+L (1+Ai)+un+Aun-E
rae Aup = Raundi, Rmm<0 BT 1Rumul>R, BT. 2 |Raun|<R

dAi
RA"*'-"&'(! *+*RaumAi+Aup=0 [Ai=Ai(0)e°‘. e p=- —-a ]
L L /
Ai
p>0 (B 7. 1 pexum Heycronuue)
Ai(0)
P 0 (B 7. 2 pexum ycronuues)
0 t

Mpu NONOXMTENBHBIX KOPHAX UNK BELWECTBEHHbIX
YaCTAX KOPHEN - PEXUM HeYCTOM4MB




- 13. Teopusi anekTpomarHuTHoro nonsa

13.1 YpasHeHun Makcsenna
8 auchepeHumansvHon popme

{Ha I §Hdl o Al
=] m =N T &
i &S A AS
- AS =0 AS =0
rot, H=8cosp=3,  rotH=o
B jiekatopTroBoii CHCTEME KOOPAHHAT
3 oH = )
; H, +—*dz > Hdl =Hy¢)+(Hz +6Hz dy)dz —
b st abeda e
| ds=dydz | & -(Hy+—;-’dz)dy-flzdz=
e H i L dy  of
! . | oy ek SEEE A
v H, ! =( )-dy-dz
16 o ok y o
dy »|

_____d I (Ad)
Tiasers AS

__0B
ot

)

rotkE



13.2 MNocrynar Makcesenna v NPUHUUN HeNPepbLIBHOCTH
I MarHuTHOro nons B AuddpepeHumansHon opme

=¢€,E udivE=pe,

AHUIOrHIHO;

| divB=0
divE<0
B siexaproBoii cHcreMe KOOpIHHAT ! ;Ji.t_l? =—-A. dydz +
04, AS
A, +—=dz
- + (A, + -a—Aﬁ-dx)dy(Iz -
Ox
— A dxdz +
oA,
+(Ay +— dy)dxdz -
- A.dxdy +

+(A. + 6—Aidz)d.u'dy =
0z

A, oA
divA =228 ) +6A,._, S + + e )dxdyd:z



rotE=0 - Oe3BHXPEBOC NOJIC
§ EFI =j rotZ'Zg =() -norcnumansuoc
/ §

HoJie

grade=Vq, div(gradp)=V(Ve)=Vo=Ap

Vio=-pls,; Vo =0 Wi Vo=—p/z, : Vo=0

B 1eKapToBOi CHCTEME KOOPIHHAT

2 2 2
Vip=iZli ] R, o, 074 0% 0%
Ox : ox?  ay?  oz?




13.4 paHuuHbIe YCNOBUA B INEKTPOCTaTUHECKOM None

D.L
+

.

Buyrpu nposojunka:

0=vyE=0= E=0 = grado=0 = ¢@=cont

Ha napyxHo# noBepXHOCTH NPOBOAHKKA:

@=const; E.=0; E=E, =-8¢/on

D=¢g,E-€, %p = @ (0-II0THOCTH 3apA/a)

Ha rpanuue pasaena AsyxX JAHMICKTPHKOB:

a2 [EdI=E,-ab-sin0) ~E,-cd-sin0; =0

b e 6,

E;sin0; E,sin0,

Do (bc=ad —>0; ab=cd)

E,sin0|=EzsinOz=> Et,=Ex,

Ak 5d

‘ :}'4/35:2 fDds = ~D;$; cos0 + DyS;cos0;
Eql ! E

'.l '_a.. d n2

D,cosb, =Dycos0,= D, =D

—
Dycos®, Dj,cosf, ~ tgb,

g, _

=

€ D §&,=05¢ =(),
’, D & ,’, £ €5=0,5¢,
e —— HE
> % E > A? AL A A A A A
> e > — — -
E,=D/g,* "E,=D/g,™
ccax's.

O cpay =P2-P=€o(Ex-Ey)



o~ 13.5 SneKTpHHECcKoe NONe NOCTOAHHBIX TOKOB

- | 5B
rotH =9; ] 5= const; H= constB const; —— o =0
”5/;3 B andnexrpuke, OKpYyAaioweM IpoBoia

xﬂ)f/r

,{?‘v C HOCTOAHHBLIMH TOKAMH:
('Ht’/b/— ]b;

- rotE=0; divD=0; D=§,E
Ipu € =const:  div(gradp)=0
— L
HARHARES, S=F; E.=8/y<<E,
o
E
'™t |E=0; E~ole,

:l\ »,/p) =a,

. I
B ==Rk

c= L

-~ In(d/R)

'. \;.JLI b L]..(.)‘
N

v




13.6 MarHuTHOE None NOCTOAHHBIX TOKOB.
CkansipHbii noTeHyuan

5 = const : H = const : B = const ; ﬂtB =0

(rotA=5 ; divB=0 ; B=yH|
rot H =35 - mam, 20e § # 0 - none euxpesoe

Tam, 20e 6 = 0 (eHe Npo8oOHUKOE) -
- none 6e3suxpesoe, m.e. NomeHYuansHoe.

Tozda: H = -gradg
Hx='%(% - Hy-—--c—‘a- A Hz.-.-ﬂ?i’

oy ' 0z
- ~Ki = -2i
B an. cmamuyeckom none. ¢, = 1£dl ; (
B MazHUmHom none: $ Hdl = ki \)—
! — Pr=
Qua = JHAI + ki ; Unop = [Hll + ki \ _l./b

kl =j
Mpu us=const: divB=divuH=0 divH=0

(div (grad ou) = 0]

lpaHuyHbIe yenoeus
1 M2 PR
" T e hocs S0 B Er2
Gl I o
: | éHdl =0 - Hi1=Hp
Hnti | 0 _{H2
Hef o [0 Hn2 9o _  uai
tgb, — M2




13.7 BeKTOPHbI NOTEHUUan MarHUTHOro nons

?;buacmuuw /O\
coccmy —
xonouy?, | rot A =
§ s }laﬁ
divB =0
————ee

Mycms B=rotA,

A - BeKMOPHLIU nomexyuan
MazHUMHOoz20 nons

Toeda _
divB =div (rotA)=0

Mpu we=const: rotpaH=rotB=pad, mozda
rotrotA=uad > [V[VA]=uad

[&1Be1) =b (&6) - & (3b)

~ [V[VA]) =V (VA)-A (VV)

V (VA) = grad div A. Mox+o npuxame divA=0, mozda :

[VZ’Z = - ;tog] - ypaeHeHue [lyaccoHa

p

B dekapmosoll cucmeme KoopouHam

= 24
A =iAc +jAy + KA, VAx =0
—> |{ v?A,=5
S = idy + joy, + ko. A
VzAz = 82
e
® =] Bds ={ rot A ds

Mo meopeme Cmoxkca
[ rot A ds =$ Adl

® =$Adl




o

oX =0,

lNpumem E,=

_OH
cz

PeweHue :

20e v=

13.

8 lNnockasn anekTpomMarHuTHas BONHa
B AUANEKTpuKe

-~
-
---~----
----
.~

aHz aHy aEX
5% g’
OHx 6 Z “Ey.

FHy (/HxJ ¢ OEz

ST

o

CEx .

1
Y Hata

—.f U2
Ze =75,

E’-O > Ez = const = 09—"—’4r 0; > H,=0

0, mozda - ‘é“' =0, me. H,, =0

=t z'jty "8"(:*'5!" AZE"
; —{ 9% C — 7_;.1 afa

x=f..(z-vt)+fo{z+vt);
H:

Eh(z-xt) 46 (24 30)),

- CKOPOCMb PacnpoCmpaHeHUs 60MHb! |

- GO/THOBOE conpomueneHue cpeods .

B nycmome : v = V;T:T.: = 2,008.108 L - 2z, =752 =377 Om.



13.9 Nnockan 3aNeKTPOMArHUTHaR BONHA B NPOBOAHKKE

» 5=c, 2E) 1 _
= I/?mnexmpux (S =gy~ lMpogodruk (& = yE )

otH £ |
rotE--pa .H

Ecnu Ex=Emsinfot +ye) u Hy=Hpy sin(of + yy) ,

mo: Ex=Em&YE=En ; Fy=Hne¥W=fin

6Hm - ('}E . d2}:,m . .
« o — ‘{Em (‘) s 6Zm = - YOUa Hm — dzz = JouaY Hm

Obuwee peweHue : ﬁm =A™ + Aete?
2de o =jopsy = e Y oua = (1 +ji\l M = (14j)k.

2:{0' (ugaqe npu z — « Hm—>oo), npu z=0 l:fm = f‘.fmo .

Tozda Hm(z) = Hmee (1% . Hy = Hmoe ™ sin(mt+yo-kz)
mu

7K} (*).' Em(Z) - Zme(Z), > Ex = 2y Hmoe “‘s:n((ext+vm+45°-kz)

1+)k
20e zp = ( {])
(ou (14)) = OB jass_

- 8OMIHOBOE COMPOMUEBNeHUe




13.10 Bekrop lMowrunra

SHepaus 6 eduHuye obvema:
ds W &E_Q ..L’-f

ZEFHUHFE,

W= "Viats EH = £H.

Y dl=uvdt
= EH .
B obréme ds-di : W=——dsvdt=EHdsdt.
MowHocms nomoka Sn = EqH. S=[EH]

MowHocme nomoka aHepauu 8001b NUHUU :

b
dp. = S.dl dr = E,Hdl dr = du-di [ pe =du di = ui J

Mouwocmb MOMmoKa 3HepguU 6Hympb npogoda :

. LI o IR o
E.= T H= 5 R F Sp=EH= R =Ray

2n Ry T 2nRey  Swpodf



13.11 MNosepxHocTHBIV 3hdekT u addekT bnusocTu

TAVAVES

N~

Z

YA

Hm = Hoe™* ; ol ]
{ En= ot : KN

rnybuHa NPOHUKHOBEHUS
3N1eKMpoMazHUMHOU 8OJHb! ;

Hm = Hoe" pe
Em = E¢e™ ;
Hnuna 80nHb! : )\ = 2rA

s I‘lpuz=A:{

- [Moymu nonxoe 3amyxaHue npu
z=(3...4)A=(0,3...0,5)

MNpuf= 50y SO0xly

medb O9vm  0,28mm
anoMuHul 13mm  0,41mm
anmex.cmans 0,7mMm 0,022mm
mopckasieofa T1m  2,25m




