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1. DeMeHTBHI BEKTOPHOI'0 AaHAJIHN3A
1

i+ yiez?

dbopmy OyIyT UMETh SKBUIOTEHIIMATbHBIE TOBEPXHOCTH?

3ajaH noTeHuman ¢ = . Halitu rpaguenT storo norennnana. Kakyro

HaiiTi rpaiueHT noTeHIHrana ¢ =+/x° +y° +z° .

3amaH noteHman ¢ =x" —z°. HaliTu rpagleHT 3TOro MoTeHIHaaa B TOUYKE X =
2.7;

y=2;z=2.

5
PR

[TogcunTaTh MOTOK BEKTOPA A =-—/ CKBO3b C(HEPUUECKYIO MOBEPXHOCTH PajIny-

com
r = a. llentp cdepsl coBmagaer ¢ Toukoit r = 0.
Pewienue.

—

[ToToxoMm BCKTOpa A CKBO3b 3aMKHYTYIO ITIOBECPXHOCTDb HA3BIBAIOT CKAJIIPHYIO
BCIIMINHY

o=[fAdS=[f|A,dS,
S

rac An - IPOCKIHMA BEKTOPA HAa HAIIPABJIICHUC MOJI0KUTEIbHOM HOpaMaJIi K

IJ10MIaaAKE.

Tak kax B 3a7a4e OBEPXHOCTH S — chepruuecKast U HampaBJIeHHe BEKTOpa A
5

COBIIQJIAET C HAIIPABJIEHUEM PaJNyCa-BEKTOPA, TO A, =A =-= JJIs BCEX TOYEK
a

NOBEPXHOCTU UHTETPUPOBAHUSI.

CnenoBarenbHO, TOTOK @ = [ﬁ%ds = [ﬁ% 4ra’ =207
a s d

HaliT qUBEpreHIunIo paanyca-BeKTopa R = xi + yj + zk
. Halitu nuBeprenuuio Bekropa A = Ri; Rl] %lz ,THE R=+x*+)y* +2°.

HaiiTi quBepreHuuio BekTopa M = A-r, tae A=Ai+ A j+ Ak, r=+x*+)y’+2* .

Haiitu poTop paauyca-BekTopa R = xi + yj + zk .



2. DJekTpocTraTu4deckoe moJie.

1. Koab1o paguycoMm r = 5 ¢M U3 TOHKOU MPOBOJIOKM PABHOMEPHO 3aPSKEHO C JIH-
HeWHOU TIoTHOCTRIO T = 14 HKn/M. Onpenenuts HANpsHKEHHOCTH MOJISE HA OCH,
IPOXOdIlel yepe3 LEeHTP KOJblla, B TOUKE, yJlajJeHHoi Ha paccrosHue h = 10

CM OT IIEHTpa KOJblIa.
dE

[ 11 -
I dEk
dE,
o
h ”
o)
Penienue.
0=[do=r2xR
dE =dE, +dE, D dE, =0
i =92 ~= d90 -
472'807" 472'80( lh2+R2)
dEyszcosa cosa:ﬁ
r
h-dQ € h-do 27 Rht
dE, = - E=)dE = = 5
4re,(h* + R*)? “4re,(h’ +R*)?  Ane,(h’+R*)?

OrtseT: E = 2,83 kB/Mm.

2. Ucnonw3ys Teopemy laycca, HaliTu: a) TOJ€ IUIOCKOCTH, 3apsDKEHHOM C TIO-
BEPXHOCTHOM TUIOTHOCTHIO G; 0) IMOJI€ TIJIOCKOTO KOHJIEHCATOPA; B) MOJIE PAaBHO-
MEPHO 3apsHKEHHOW TPSIMOJIMHEWHON OE€CKOHEYHOW HUTH C JIMHEWHOU TIJIOTHO-
CTBIO T.

3. Tlokasatp, yTo moJe BOIM3U MOBEPXHOCTU MeTaiua E =4zxoii , Tae 7 — HOpMallb
K ITIOBEPXHOCTH, & G — IOBEPXHOCTHASI INIOTHOCTH 3aps10B.

4. Hcnonw3ys Teopemy ['aycca, HaliTH TOJS paBHOMEPHO 3apsHKCHHBIX: a) Iapa
paanyca a (IWIOTHOCTH p); 0) OECKOHEUHOTO NMUIMHApPA paauyca a (JTMHEHHas



IJIOTHOCTB T); B) OECKOHEYHOTO IIJIOCKOTO CJI0S TOJIITUHOM 2a (TNTIOTHOCTh 3apsi-
Jla €IMHUYHOM TIJIOMIAIN G).

Buytpu mapa paauyca R, paBHOMEPHO 3apsHKEHHOTO IO 00BEMY C IIIOTHOCTHIO
p, UMEETCS He3apshDKeHHas ImapooOpasHasi MOJOCTh, paauyc Kotopoir R, a
LEHTP OTCTOUT OT LIEHTpa Iapa Ha pacctosHue a (a + R; < R). Haiitu snextpu-
4eCKoe 1oJjie £ B MOJOCTH.

OnpenenuTs HAMPSHKEHHOCTh dJieKkTpuueckoro nosst B Touke (0, 1, 0), co3napa-
eMYI0 TpeMsl TOUEYHBIMU 3apsiiamMu (, -2, (, PACIOJI0KEHHBIMH, COOTBETCTBEH-
HO, B Toukax (-1,0,0), (0,0,0). (1,0,0).

OnpenenuTs HAMPSHKEHHOCTh dJieKkTpudeckoro nosst B Touke (0, 1, 0), coznapa-
eMYyI0 TpeMsi TOYEHYHBIMU 3apsiamMu  -q, 2q, -(, PacloJOKEHHbIMU, COOTBET-
cTBeHHO, B Toukax (-1,0,0), (0,0,0). (1,0,0). 3amauy pemuth ¢ MOMOIIBIO CKa-
JISIPHOTO MOTEHIIMAA.

Haiitn noTenuman nu HanpsKEHHOCTD AJNEKTPUYECKOTO TOJISI HA OCH PABHOMEPHO
3apsHKEHHOIO KOJIbIa paguyca a Ha BbICOTE h Haj IUIOCKOCTHIO KOJIbLIA. 3aps
KOJIbLIA PABEH (.

beckoHeuHO MIMHHBIA MWIMHAP paarnycoM 50 MM paBHOMEPHO 3apsKEH C IO-
BEPXHOCTHOM MJIOTHOCTBHIO 10-5 Ku/m’. HuwimHAp HAXOOUTCS B BO3IYXE.
Onpenenure HANPSHKEHHOCTh JJIEKTPUYECKOrO IMOJSA, CO3AaBa€MOro IIWJIMH-
npom, Ha paccTostHuu 10 M ot ocu.

3. DJekTpuyecKoe moJie B NpOBOsIIIEN cpee.
. BeiuucauTe HampsKeHHOCTb AJIEKTPUYECKOTO MOJIS B JIATYHHOU JeHTe (G =

1,4*107 Cm/m) tommuuo# 0,12 MM u mmpuHOoi 10 MM, MO0 KOTOPOH MPOTEKAET
MOCTOSIHHBIN TOK 150 MA.

Pemenne.

J = oE (3akoH oma B nuddepennuanbHoit hopme).
j=1/S — mA0THOCTH MOCTOSIHHOTO TOKA.

E =1/Sc =1/abo

OrtseT: E = 8,9 MB/M.

2. OmpenenuTe HANpPSDKEHHOCTh JJIEKTPUUYECKOTO TOJII B MEIHOW INUHE (O
5,7*106 Cm/M), ecnu IJIOTHOCTh TOKA paBHA j = 2 A/MMm2 .



3. K miockomMy KOHJAEHCATOPY, pPacCTOSIHUE MEXAY OOKIagkamMu kotoporo d = 5
MM, a MIOWAAb Kaxxaou u3 Hux S = 50 cM2, nonBeaeHo Hampspkenue 500 B.
VY nenbHast IpoBOAMMOCTD audjiekTpuka ¢ = 1*10-10 Cm/M. Haiitu conpoTuBie-
HUE U30JISIIIUU, TOK YTEUYKHU, & TAKXKE ONMPEECTUTh MOIIHOCTh TEIIOBBIX NOTEPh.

4. HanpsbKeHHOCTh OJHOPOIHOTO TIOJISI B Cpefie ¢ MPOBOAUMOCTEIO 6 = 10-2 CM/M
paBHa E =100 B/m. Onpeaenure MIOTHOCTh TOKA U MOIHOCTh TEIJIOBBIX TO-
Tephb B €IUHUIIE 00beMa.

5. JIM3AEKTPUK KOAKCUATBHOTO KaOessi MMEeT yAEIbHYI0 IPOBOAUMOCTh G = 5*10-
9 CM/M. pa3HOCTh NOTEHIMAIOB MEXK/Yy BHYTPEHHUM M BHELIHUM IPOBOJHHUKA-
mu kabensa U = 5 kB. Paauyc BuyTpenHero npoBognuka al = 10MM, BHyTpeH-
HUM paguyc TpyOsI a2 = 40 MM.

6. Haiinure conpoTuBieHne N30IA1UN OTpe3Ka Kabemns JJIMHOM 1 KM, TOK yTEeUKHU B
TOM € OTPE3KE, a TAKKE MOLIHOCTD TEIJIOBBIX II0TEPB.

4. MarHuTHoe 1moJjie NoCTOSIHHBIX TOKOB.

1. Onpenenutbs MOAYIb CUIIBI AMIIEpPa, NEUCTBYIONIEN HA MPOBOJHUK C TOKOM JJIH-
HOM 25 c¢cM B MarHutHoM noJjie ¢ unaykuuei 0,04 Tn, ecau yroa Mexay BEKTO-

POM MAarHMTHOM MHAYKIMHU U HanpasiieHHeM Toka 30°. Cuiia Toka B TPOBOJHUKE

0,25 A.

2. Tlo nByM O0€CKOHEYHO JIIMHHBIM MPSIMBIM TapaJlIeIbHBIM MPOBOJAAM TEKYT TOKU
[,=20 A u 1,=30 A B ogHoM HampaBiienud. PaccTossaue d Mexy mpoBoJaMu
paBHO 10 cM. BpluncauTh MarHMTHYH MHIAYKUHIO B B TOuKe, yJdaJ€eHHOW OT

00oux IIPOBOJOB HA OAWMHAKOBOC PACCTOSAHHC =10 cm.

3. Ilo gBymM O€CKOHEUHO JAJIMHHBIM MPSIMBIM MPOBOAAM, CKPEIIEHHBIM MO/ MPSMbIM
yrioM, TekyT Toku [;=30 A u [,=40 A. PaccrosiHue d Mex1y MpoBOJaMHU PaBHO
20 cm. OnpenenuTs MarHUTHYIO MHAYKUOUIO B B Touke C, 0AMHAKOBO yJajeH-

HOU 0T 000MX MPOBOJIOB HA PACCTOSIHUE, paBHOE d.

4. Tlo OeCKOHEUHO MJIMHHOMY LWIMHAPY pagnycoM 50 MM NMPOTEKAET MOCTOSIHHBIN

TOK C MOBEPXHOCTHOU MIOTHOCTHIO 1000A/M. IymmHIp HAXOOUTCS B BO3IYXE.



OHpeI[eJII/ITe HaIps’>KCHHOCTh MAIrHUTHOI'O ITOJIA, CO3/IaBACMOI0 NUJIMHAPOM, Ha

paccrosiuuu 10 M OT OcCH.

Hanpsi>keHHOCTh MAarHUTHOTO TOJISI B LIEHTPE KPYTrOBOI'O BUTKA C TOKOM OKa3a-
nack paBHoil 120 A/M. OnpeaenuTs IuaMeTp BUTKA U MHIAYKIIMIO MarHUTHOTO

II0JISL B €r0 LIEHTPE, €CJIM CHJIa TOKA B BUTKE paBHa 11 A.

5. HampasJ/ieHHbIE 3JIEKTPOMATHUTHbIE BOJIHBI.

OnpenenuTh, MOXKET JIU PACIIPOCTPAHATHCS BOJIHA TUIA E;4 B 3alI0JJHEHHOM
BO3JIyXOM IIPSIMOYTOJILHOM BOJIHOBOJIE ceueHreM 2.3x1.0 cM” pu uacrore 3,2
I'TII. HaiiTn 3Ha4eHNM € KPUTUYECKOU IMHBI BOJIHBI U JUIMHBI BOJIHBI B BOJIHO-
BOJE.

Onpenenure, KakMe THIBI BOJH MOTYT PaclpOCTPaHATHCS B 3allOJHEHHOM BO3-
JlyXOM HpsIMOYTOJILHOM BONHOBOJE cedeHmeM 2.3x1.0 cm’ mpu uactote 7,5
['TLl. HaitguTe 3HaYeHUsT KPUTHUECKOW JUIMHBI BOJIHBI U JUIMHBI BOJHBI B BOJIHO-
BOJIE B KQXOM Clly4ae.

Pewmenue.

JlirHa BOJIHBI B CBOOOTHOM NPOCTPAHCTBE

c 310°

:7:W:0,04M

KpI/ITI/I‘{CCKaH JAJIMHA BOJIHBI OIIPCACIIACTCS 110 YPABHCHUIO

2 2

NEEOR ENEES




Yenosuro A< 4, yIOBIETBOPSIOT THIIBI BOJIH, IOKa3aHHBIC B TaOIIMIIE.

Bo3moxHble XapakTepuCTUYECKHE YnCIa JlnvHa BOJIHBI
THUIBI BOJIH m n Acps M Agp, M
Ho, 0 1 0,1 0,0436
Hopz 0 2 0,05 0,0666
Hio 1 0 0,05 0,0666
Hi 1 1 0,0447 0,0895

3. Paccuurtarh pe30HaHCHBIE YaCTOTHI 3 IEPBBIX TUIIOB KOJIEOAHU B IPSIMOYTOb-

HOM pe3oHaTope ¢ pazMepamu 20x 10x40 Mm.

6. Pacyer TOJIMMHBI CKUH-CJIOSI.

OO0bEMHasl TIIOTHOCTh TOKAa MaKCHUMallbHa y TOBEPXHOCTH MpoBojHHMKA. [Ipu
yJlaJeHUH OT IIOBEPXHOCTH OHA YOBIBACT U HA IIyOHHE A CTAHOBMTCS MEHBIIE B
e pa3. [103ToMy IIpakTUYECKH BECh TOK COCPENOTOYEH B cioe Tonmuuoi A, Ona
Ha3bIBAETCS TONIIMHON CKUH-CJIOSN U HA OCHOBAHUM MOJIYYEHHOTO BBIILIE PABHA

A= |2
OU®

O4eBHIHO, YTO MPHU JOCTATOUYHO OONBIION YACTOTE W TOJIIMHA CKHUH-CJIOS MO-
KeT ObITh OYeHb Masioi. B kauecTBe mpumepa mpuBeaEéM 3aBUCUMOCTD TTyOUHBI
CKHMH-CJIOSI OT YaCTOThI 111 MEJHOTO IIPOBOJHUKA:

Yacrora A

60 I' 8,57 MM
10 xI'x 0,66 Mm
100 I’y 0,21 mm

1 MI' 66 MKM



10 MI'g 21 MKM

Jiist pacyéTa TOJIIMMHBI CKUH-CII0S] B MeTajie (MpUOIMKEHHO) MOKHO HUCIIONb-
30BaTh CIAEAYIONINE IMIIUPUYECKHE (POPMYIIBI:

N '.u" €0
A=c \". ZUJNm p

31ech 0 = 8,85419-107"% d/M — aGCcoMIOTHAS AUAIEKTPUUIECKAs IPOHUIIAC-
MOCTb, ¥ — yJenbpHOe COMPOTUBIIEHUE, ¢ — CKOPOCTh cBeTa, Fm — OTHOCH-
TeJbHAs] MATHUTHAS MPOHHUIIAEMOCTH (OJIM3Ka K SAMHHMIIC JUTS Iapa-

W IMaMarHeTHKOB — MeqH, cepebpa, u T. 1), W = 27 - [ Bee Benuumtbl BbI-
paxensl B cucteme CH.

—

A =503 ‘n'.u_p
\'. Hom f

3

P — ynenbHoe conpoTuBieHue, Fm — OTHOCUTENbLHAS MATHUTHAS IPOHMIIAE-
MOCTb, [ — wacrora.

7. IlpuMepsbl pemieHUs pac4YeTHBIX 3a1a4.

3agaua 1.

1.1. OnpenenuTe KOMIUIEKCHBIE aMIUIUTYJIbl BCEX OCTaJbHBIX, HE 3aJaH-
HBIX B YCJIIOBHHM 3a1a41, COCTABJISIIOLIUX BEKTOPOB ITOJIEH.

1.2. OnpenenuTs nMana3oH 4acToT, B KOTOPOM PaccMaTpUBAEMOE IIOJIE —
Oerarolasi BA0JIb OCH Z BOJIHA.

1.3. 3anucaTte BBIpa)KEHHE JJII MTHOBEHHBIX 3HAYEHHUH BCEX COCTABIISIO-
IIUX BEKTOPOB IOJICH.

1.4. TloctpouTh rpaduku 3aBUCUMOCTEN MTHOBEHHBIX 3HAYEHHWM COCTaB-
JSIOIIKX TOJIEH OT KOOPAMHATHI Z JJI IBYX CITy4aeB.

1.5. IIlpoBepuTh BBINIOJHEHUE TPAHUYHBIX YCIOBHHU JJISi COCTABJISIOLIMX
BEKTOPOB I0JIEW HA TPOBOJHUKAX JTUHUU.

1.6. OnpenenuThs aMILUIMTY 1Bl TOKOB, MTPOTEKAIOLIUX O MPOBOJAHUKAM JIU-
HUU, a TAKXKE HANPSHKEHHSI MEX1y IPOBOJHUKAMHM JIMHUU.

1.7. OnpenenuTs BOJTHOBOE CONPOTUBIIEHNE KOAKCUAIBHON JTMHUH.

1.8. Onpenenuts $azoBy0 CKOPOCTh PACHPOCTPAHEHUS SHEPTUU BOJIHBI.

N306pa3uth cunoBble TUHUU BekTopoB E n H, a Takke NUHUM TOKOB Ha IMpO-
BOJHUKAX JINHUHU.

B koakcuanpHOM MuHWN, 1300pakeHHOH Ha pucyHke 3.1(MY), Bo30y)aeH0
MOHOXPOMAaTHYECKOE 3JIEKTPOMArHuTHOE 1oJie. BHyTpeHHUI 1 BHELIHMI NPO-
BOJHUKH JIMHUU U3TOTOBJIEHBI U3 MaTEpHAIA C |, =1 W yAEIbHON NPOBOJIUMO-
CTbIO G = o0 . JIMHMA 3amoJIHEHA OMHOPOAHONU U30TPOITHOM CPENOM C MapaMeT-
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pamu €, U, =1, 6 =0 . M3BecTHbI 1100 KOMIUJIEKCHAS! aMILIATY 1A JIEKTPUIE-
CKOT'O TOJIs1 BOJIHBL, MO0 KOMIUIEKCHAsl aMIUIMUTY/1a MArHUTHOTO TOJISl BOJIHBL,
1100, HAKOHEL, KOMIUIEKCHBIE AMILJIUTY/IbI IIPOJOJIBHBIX COCTABIISIOLINX AJIEK-
TPUYECKOI0 U MAarHUTHOIO I10JIEH BOJIHBI.

N3BECTHBIE MOJIA U COCTABIISIIOLINE BEKTOPOB MOJIEH

= 1,-Z
E =7, -———<exp(—ikz)

m

rm

. 1,-Z
E =-2"Cexp(—ikz)
2rr

7. =0
e =12
[=5MA=510"A
2R1=2,2 Mm
2R,=8,7 Mm
f=3MIu=3-10°Tw.

Puc. 1.1. KoakcnanpHasg JTUHUSA

Tpebyercs:
1) OnpenenuTh KOMIUIEKCHBIE AMIUIATYABl BCEX OCTaJbHBIX, HE 3a/IaHHBIX B
YCJIOBUH 3a/1a4M, COCTABIISIIOIIUX (TIPOEKIMIA) BEKTOPOB MOJIEH;

ITo YCJIOBHIO 3a1a49U

l.-Z
L —C exp(—ifiz)

E =l 2xr

m

. 1,-Z
E, =-""Cexp(-ifz
m =y Xp(=if2) =0

0

HOHCpC‘IHOC BOJIHOBOE€ 4YHCJIO ri= B TOM CJiy4ac, €CJIM B KOaKCHaJbHOM JIU-
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E =0

HUU pacnpocTpaHseTcs nomnepeyHas BosHa — TEM, ciengoBatelnbHo, u

H, k=0

W3 cooTHOIEHNH, BBITEKAIOIINX U3 ypaBHEHNH MakcBeria, cienyer:

H(pm :%Erm
B
1
=0y =—=——
Ecmu 7+ =9 10 B eu

we & _l

&
[TosToMy B Neuw Nu Zc , TJIe

-7
Zo= = 210 345.10°0m =345
¢ V88510712 O

_ . _ X -12 X _ . -12
£, =¢,6,=885107-1,2=10,62-10" 4/, a5comornas nuonexrpuyeckas

IMPOHNIACMOCTDb CPC/bI;

o . e . _7 . o . _6
Hy =ty g =47 -107- U/ =1,26-107 11/ M _p6500m01Hag MarauTHAS IIPOHULIAE-

MOCTb CPEJIBI.

IO —ifz
=—2e
(Y 7%
ITo ycnoButo 3anauu Iy =5 MA = 0,005 A
-3
Erm = O, 27 .e—iﬁz H(pm = 098 10 __e—i/?z
r , B/m r , A/M

Ha moBepXHOCTHM BHYTPEHHEro NMPOBOJAHMKA W HAa BHYTPEHHEH MOBEPXHOCTH
BHEIITHETO TPOBOJAHUKA KOAKCHUATHHOW JIMHUM (€CIIM OHU HJEaTbHO TPOBOJIS-
IKe), KacaTelbHas COCTABJIAIONIAS AIEKTPUUECKOTO MO TOJDKHA 00palaThCs
B HYJIb.

Eq, (R], (P) = E¢, (Rz, (P) = O — Egom = O
CnenoBarenbHo, H,, =0 (Ha ocHOBaHUM ypaBHEHHUI MakcBesa).

2) OnpenenuTs auana3oH 4acTOT, B KOTOPOM paccMaTpuBaeMoe Moiie — Oery-
11ast BIOJIb OCH Z BOJIHA.

I[To ycnowuto 3anaum y1=0

rae yL - IOTIEPEYHOE BOJTHOBOE YHCIIO.

Kputuueckas JuinHa BOJIHBI paBHA: A, = Vg / L, =21 / y1L

II€ Vo - CKOPOCTb BOJIHBI B CPEJIE C apaMeTpaMu €, U |,

Takum 00pa3oM, paBEeHCTBO HYJIIO YLl O3HAYAET, YTO A, = 00 nu f,=0.

12



CrnenoBaTelbHO, pacCMaTpuBaeMoe TOJIe SIBISIETCS] OeTyIel BOJTHOW BIOJb OCH
Oz npu 0060t yacTore.

3) 3anucarh BbIpaXXEHUSI JIJI1 MTHOBEHHBIX 3HAYEHUM BCEX COCTABIISIONIUX BEK-
TOPOB TOJIEU.
0,27 : 0,8-10° .
rm:_.ezﬁz H(pm:—.e )2
r r

E

=WH/E
P «a - mocrosuuas pacnpocrpanenus Boad TEM.

= = 3. 6 . 712. . -6 = _
B=2rfJeu =27-3-10°4/10,6-107>-1,2-10 0,067 , 1

w=27f=188-10°C"

qTO6BI MMOJY4YHUTb MI'HOBCHHBIC 3HAUYCHUS COCTABJIAIOIINX BCKTOPOB HOJIeﬁ,
it

YMHOYKA€M BLIPAKEHUS Ul KOMIUIEKCHBIX aMIUIMTYH Ha € U OTHEISEM
tiot __ ..
BEILIECTBEHHYIO YaCTh, YYUTHIBAsI COOTHOIIEHUE: e =coswt Tismwr
E = Re{E eiwt} —Re O, 66 . e_iﬂz . eiwt — Re O, 66 . ei(wt—ﬁz)
r rm B —r
0,27

E =

r

cos(18,8- 10%¢ — 0,0672z),
r B/Mm

-3 -3
H(p:Re{Hrmelwt}:Re{Oﬂg 10 elﬁzelwt}:Re{OBS 10 el(wtﬂz)}
r r

-3
= MCOS(I 8,8 10%¢ — 0,067z),
r A/M

H

4

4) IMoctpouts rpadMku 3aBUCUMOCTEH MTHOBEHHBIX 3HAYEHHUI COCTaBIISIONINX
IIOJIEH OT KOOPAUHATHI Z JJIs IBYX CIIy4aeB:

t=0, r=(R,+Ry)?2
0<z<2A
t=T/4, r=(R+Ry)2

R,=1,1 mm=1,1-10"m

R, =435 MM =4,35:10> M
r=2,7 MM = 2,7-10'3 M
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I[lpu t=0

2
= 0’—7_3005(0, 067z) =100c0s(0,067z)
2,7-10 B/M
=20
f
8

v = | 2310 s a0

& H L2 , M/C — CKOPOCTb PaCIpOCTPAHEHMs BOJIHBI B

JTAHHOU CpeJIe.
8
Jo2T4100

~

3-10° Y

3
= 2810 0,0672) = 0,3 c0s(0,0672)
2,7-10 , A/M

[pu t=T/4=1/4f

cos(% — fz) =sin Bz

E,, =100sin(0,0672) g/

H,, =0,3sin(0,067z) A/M

Jliis moctpoeHust rpadUKOB pacCYMTaeM 3HAUCHHS COCTABJISIONMX MpH Z = 0....
91 wm.

5) IlpoBepuTh BBHINOJHEHUE TPAHUYHBIX YCIOBUM JJIs1 COCTABIISIIOLIUX BEKTOPOB
MOJIE HA IPOBOJHUKAX JIMHUH.

Ha moBepXHOCTH BHYTPEHHETO MPOBOJHMKA M HA BHYTPEHHEH MOBEPXHOCTH
BHEITHETO IPOBOJHUKA KOAKCHAILHOW JIMHHWH, KOTOPBIC SIBJISIOTCS HJICATBHO
NPOBOJSAIIMMU ( G = 00 ), KacaTellbHAs COCTABIISIONIAST AJIEKTPUUECKOTO TTOJIS
oOparaercst B HyJb. [1]

E(p(Rla(p):E(P(R29(P):O

6) OHpC,Z[CJ'II/ITB AMILIMTYAbl TOKOB, MPOTCKAOMMX II0 IIPOBOAHWKAM JIMHHUH, a
TAKKC HAIIPSAKCHUS MCXKAY IMMPOBOJHUKAMUA JIMHUU.

Tox B IPOBOTHUKAX UMEET TOJIBKO MPOJTOIBHYIO COCTABIISIFOIITYO:
2rRE,
VA

c

2z
[= EAEHdZ = ! R -H,(R,p)dp= e i

1o=5 A =0,005 A
HaHpH)KeHI/IC MC)KL[y HpOBOL[HI/IKaMI/I JIMHU.
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B R
U=[Edr=ERIn-2-¢"
R

R |

U,=0,27-In 435

=0,37
1,1 B.

7) OmnpeneauTs BOTHOBOE CONPOTUBIIEHUE JTMHUH.

Ornomenne Hanpsvkenust U k Toky { B pexume Geryueil BOIHbI

HAa3bIBACTCs BOJIHOBBIM COITPOTUBJICHUEM KOAKCHaJIbHOW JIMHUU.
U
I 1,
zZ, - 0,37
0,005 =74 Om.

Z

B

8) Omnpenenuth $Ha3oByI0 CKOPOCTh U CKOPOCTh PACIPOCTPAHEHHS SHEPTUU BOJIHbI

®da3zoBasg CKOPOCTh pPACHPOCTpaHEHUs BOJHBI TEM B HampaBisiromiel CUCTEME
paBHa:

@
Ve =E=VO =2,75-10°

Mm/c,
CKOPOCTh PaCIpOCTPaHEHHUsI DHEPTUU PaBHA!

Ay —
B cnydae Boaael TEM (7% = c0) CKOPOCTBH pacpOoCTpaHECHUsI SHEPTUU TAKKE PaB-
Ha!

v, =V, :2,75-108, e,

9) U306pa3uth cunoBbie nuHUU BekTopoB E n H , a Takke TuHUM TOKOB Ha Mpo-
BOJHUKAX JINHHH.
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_p e >

E H

Tok B IMPOBOJHHUKAX UMECT TOJBKO IIPOJOJIbHYIO COCTABJIAIOITYIO J: .

3agaua 2.
2.1. Omnpenenuth KOMIUIEKCHBIE aMIUIUTY/Ibl BCEX HE 3a/IaHHBIX B YCIOBHUH 3a/1a-

YU COCTABJISAIONIMX BEKTOPOB MoJis B cpenax 1 u 2 mpu x > 0.

2.2. HWcnonb3ys rpaHWYHBIC YCJIOBHS TpPH X=h, MOIy4YUTh TPaHCIICHIACHTHOE
ypaBHEHUE, CBA3BIBAIOLIEE MEXKy COOOM BOJHOBBIEC UMCIa YL M 0L B cpefax 1 u
2.

2.3. PemmB naHHOE ypaBHEHHUE, ONpPEEIUTh BCE THUIIbI BOJH, KOTOPBIE Pacrpo-
CTPAHSIIOTCA 110 3TOMY CBETOBOJY.

2.4. PaccuuTaTh MapaMeTphl BOJIHBI HU3LIETO TUNA Y.L,0L,f3, Vg;

2.5. BenuuuHBI 0L ¥ YL ONPEAEIAIOTCS HETIOCPEICTBEHHO U3 TpaduKa s TOUKU
1.

2.6. Omnpenenus BenuuuHbl A U B, BXoAsue B BIPAKEHUS JIJIsI COCTABISIOIINX
1oJIeH, MOCTPOUThH 3aBUCUMOCTH 3TUX COCTABJISIOLIUX MOJIEH IS BOJIHBI HU3IIE-
ro TUIa KOOpIUHATHI X. [Ipenenbl u3MeHeHus X: -o0. . .+oo.

2.7. 3aMeHMB IUIOCKHM TUANEKTPUUYECKUN CBETOBOJ KPYIJIbIM CBETOBOJIOM, JHa-
METp KOTOPOr'O PaBEH TOJIIMHE IMJIOCKOTO CBETOBOA, OMPEAETUTh, 00ECIeun-
BaeTCS JIM NIPH 33J]aHHOM JUAMETPE CEepACUHUKA OJTHOMOOBBIA PEKUM PabOTHI,
€ClIi He 00eCIIeUnBAETCs, TO ONPEACINTh, KaKOW JTOJKHA OBITh MPOHUIIAEMOCTh
000JI0YKH €12 JTsl €TO BHIMOTHEHUS.

2.8. W300pa3uth CTPYKTYpYy BEKTOPHBIX JMHHMI s noneit E u H y ocHOBHOI
BOJIHBI KPYTJIOIO CBETOBO/IA B OTIEPEYHOM CEUCHUHU.

16



Onpenenuth OCHOBHBIE XapaKTEPUCTUKA MOHOXPOMATHYECKOTO 3JIEKTPOMArHUT-
HOT'O TOJISL, CYIIECTBYIOIIETO B IJIOCKOM AMAJIEKTPUYECKOM BOJHOBOJIE (CBETO-
BOJIE), M300pakeHHOM Ha pucyHke 4.1 . VI3BeCTHBI KOMIUIEKCHBIE aMIUIUTY-
JIbI IByX COCTaBJISIIOLIUX (MPOEKIMIA) BEKTOPOB NoJid B cpenax 1 u 2 nmpu x > 0.

N3BeCTHBI COCTABIISIFONINE BEKTOPOB TOJIS
B cpene 1

2 _ g ~ipz
E ' =Asin(y x)-e

B cpene 2

E;i) = Be " . ¢7F"
O — g® _o

g, =231

£,=2,15

2h=6mxm=h=3mxkm=3-10"mu
A=1,55mrm =1,55-10"m
Pcf) =20 MmBt=10,02 BT

XTLLTOTS
LOBLEL
Y AN NN NN

TpebyeTcs:
1) onpeaenuTh KOMIUIEKCHBIE aMILTUTY Il BCEX OCTaJIbHBIX, HE 3aJJaHHBIX B YCJIO-
BUU 33J1a4H, COCTABJISIONIUX BEKTOPOB IOJIs B cpenax 1 u 2 mpu x>0.

Bocnonb3yemcs cootHommenusimu (1) — (6) (cm. 3agauy Nel MY) u tem, uto 6& =0
Y
aHym ame

: oH , .
=iwekE,, — =iwecE,
ox oy ox

Hym = ia)g.[ E_ dx

17



z

. i : e, A
H," = ia)gl.[Asm(}/lx) e Py =282
4

cos(y, x)-e

iwe oy i
2 'Be aJ_xe iz

H,% = ia)gZJ‘Be*“L" e Py =~
aJ_

6H—"”+ i,BHym =iwekE,,

y
&
) i BA .
£, =P cos(y x)-e
V.

E ®_ _ﬁ_BefaLxefiﬁz

xXm aJ—
2) UCToNb3ys TPAHUYHBIE YCIOBUS MPU X = h , MOJIYYUTh TPAHCUEHJEHTHOE YpaB-

HEHUE, CBA3bIBAIOLIEE MEX Ty COOOM BOJIHOBBIC UMClIa y, WU «, Bcpenax 1 u?2

I[J'IH BBIIIOJIHCHUWA ITYHKTA 2 3aJIaHvA HaJ10 3allMCaTb I'PAHUYHBIC YCJIOBUSA IJIA Ka-

CaTCJIbHBIX COCTABJIAIOIINX BECKTOPOB IIOJIA:

O — g
ym ym

EO Z EO 1ip1 x=h
A

gl—cos(ylh) =5 gt

i a,

Asin(y h) = Be ™"

B pesynbraTe nosydaroTcs ABa anredpanueckux ypaBHEHHUs, B KOTOPbIE BXOJAT

BECIIMYUHBI

a, u y, .HckiounuB U3 3TUX ypaBHEHUHN BenuurHbl A u B monyyaem oHO

ypaBHEHHUE:

(04
7—Ltg(nh) =—

& &
Jlanee ero HaJ0 NpeoOpPa3oBaTh TaK, YTOOKI B JIEBOM €ro 4acTH HAXOJUIACh HEN3-

BECTHAs BeIMYMHA «,h , a IIpaBas 4acTh MpeACTaBisia co00M PyHKIINIO, KO-

TOpasi 3aBUCUT OT HEU3BECTHOU BEJIMYMHBL 7,/

18



ah= % 7 h-tg(y h) - TPAHCHCHICHTHOC YPAaBHCHHME.
1

Pemenue sToro ypaBuenus B rpaduyeckoit hopme npeacTaBieHo Ha pUCyHKe 4.2.

B BUJI€ IBYX CIUIOIIHBIX KpUBBIX. Hy>KHO ITpOBECTH OKPYKHOCTB, KOTOpask COOT-

BCTCTBYCT YPABHCHUIO BHUIA:

(7/J_h)2 + (alh)z = (hk)2 (‘9,~1 - grz) , TAC

= 277T = %-106 =4,05-10° 1 4,05mkm™" - BOJIHOBOE YHMCIIO B BAKyyMe.
, M

h=3mxm=3-10"°nu

£, —€,=2,31-2,15=0,16

Pannyc OKpyHOCTH YHCIEHHO PABEH:

R=\J(kh) (¢, - ,,) =49
(y,h)’ +(a, h)’ =(4,9)° - ypaBHEHHE OKPY>KHOCTH.

['padraeckoe perieHne TPaHCIIEHIEHTHOTO YPAaBHEHUS o /= & vy h-tg(y h) .
gl

Tabnuma.

A h (X,J.h

0 0
0.25 0.060
0.5 0.254
0.75 0.650
1.0 1.448
1.25 3.499
1.3 4.354

3.14 0
3.5 1.219
3.75 2.429
4.0 4.307
4.25 7.930

3) pelIMB JaHHOE YpaBHEHUE, OMPEACIUTh BCE TUIIBI BOJIH, KOTOPBIE pACTIPOCTPa-
HSIFOTCSI 10 3TOMY CBETOBOJY;

Hanuuue ABYX TOYCK IIEPECCUCHUA CBUACTCIILCTBYCT O TOM, YTO B CBETOBOJC

PacpocCTpaHgACTCA ABA THUIIA BOJIH.
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ITo ycnoBuro E,, #0 u H_, =0, CJI€I0BaTEIbHO, 3TO OyIyT BOJIHBI E, (COOTBET-
CTBYET TOUKE 1) U E, (COOTBETCTBYET TOUKE 2).

Huzmmm tunowm siBiisieTcsa BoHa E, .

4) paccuuTaTh MapaMeTphl BOJHBI HU3LIETO THIA ¥, , &, , B Vg ;

Benuuunbel y, W «a, omnpenensioTcs HEMOCPEACTBEHHO U3 rpaduka st Touku 1.

y, h=13
1,3 1,3 6 -1
= = =0,43-10"m
£ h 3mkm
o h=4,7
aL :477 _ 47776 21557‘106‘}”71
h 3-10

Benuuuny £ HaiijieM U3 BeIpOKEHUS y,” = w’e u, — 3, TIC

w:%’:%:k-c:aos-lm :3.10° =12,15-10% ¢

£ =66 =8,851077.2,31=20,4-10"" ®/m
=, 1=47-107 =12,6-107 Tr/M
/Bz\/a)zgl,ul_7¢2

B = \/12,152 -10%.20,4-107"%-12,6-107 —(0,43)* 10" =6,14-10° 0"

14
Vq)zg =w =1,98-10° M/c — a3oBast CKOPOCTb.
B 6,14-10

5) omnpenenuB BenuuuHbl A u B |, BXojs1ue B BRIPaKEHUS 1JIsI COCTABIISIOIINX
MIOJIEW, IOCTPOUTH 3aBUCUMOCTH 3THX COCTABIISIOIINX IMMOJIEH JIJI1 BOJHBI HU3-
LIEro TUIAa OT KoopauHatel x. IIpenensl uamepenns x: -00 400

b

h h
PP =2[IT,.dx-=2[1T,.dx
0 0
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1 ) .
1, =-Re(£,, f,,)

cpz

M3BecTHO, uTO P, =20 MBT = 0,02 Br

A

H,, - KOMIIICKCHO COIPSKEHHAs! BEIMYNHA [0 OTHOLICHUIO K H .

I[J'If[ nepexoga K COHp?DKCHHOﬁ BCJIIMIMHC JOCTATOYHO M3MCHHUTDH 3HAK Y BCCX

MHHUMBIX €IUHUILI.

. ios, B _ »
Hym(2) — ——2‘6 o x e iz
aj_
7 @ :M. —aux | b

ym
aJ_

. i 3 .
Exm(Z) — —ﬁ‘Be ax e ipz
aJ_

. ~ [
E(z)H;fn) _ 2;8 B2 .k

xm

aj_
B2 _ 2al3f)c§72) .eZaih
W, f3
B2 2‘1,573 ‘1018 ‘O, 02 . 9.4

:12,15-1014-6,14-106-2,15-8,85-10’12 ¢
B*=1,09-10°-12088
B=115-10° =1,15-10°
Benuunny A HaiigeMm U3 rpaHUYHBIX YCIOBUI:
B =B npux=h

Asin(y h) = Be™ ™"

_ Be ™" 115107 -
sin(y  h) sin(1,3)

=1090

Taxum obpazom,
Ez(;ln) =1090sin(0,43- 10° x)e—i6,14.1oﬁz

. _ 106 _; 100
Ez(ri) —1,15-10° . g 1710 ri61410%z



Tornanpuz =0 :

EY =1090sin(0,43-10°x), B/m
E® =1,15-10° -1 By

Exm(l) = _lﬂ_ACOS(yJ_x)

Vi

: iB o,
E,® = 1P pean
aj_

B =6,14-10°

6
E " =—i 6,14-10 16090 c0s(0,43-10°x)
0,43-10

E, " =—-i15564c0s(0,43-10°x) , B/m

6 5
—l 6,14 10 1,15 10 671,57.106)(

E @_
o 1,57-10°

Exm(z) ——i4,5-1 0’ e_l’SHOGX B/

iweg, A

H," = cos(y,x)
V1
. e, B _, .
H,*=—7=¢" ppuz=0
aJ_
14 -12
Hym(l):_l_IZ,IS 107-20,4-10 1090008(0,43‘10696)

0,43-10°x

H," =-i-62,8-c0s(0,43-10°x)

g oo i-12,15-10"-19-10"%1,15-10° 1T
m 1,57-10°

H,®=i-1690-¢""*

ym

Jlnst moctpoenusi rpadMKOB pacCUYMTaEM 3HAYEHUsI COCTaBIISONUX npu Z = 0.



Tabmura

%, 0 ] 2 3 35 4 5
MKM

E, 0 454 826 1047 | 1036 | 472 215 45
B/m

%103
ECI0T 156 | c1a1 | <102 | 43 4.1 1.8 0.8 0.2
B/m

Hy 62.8 | 57.1 41 17.4 152 6.9 32 0.7
A/M

6) 3aMEHMB IUIOCKMI JMAJIEKTPUYECKUH CBETOBOJ KPYIJbIM CBETOBOJOM (pHC.
4.1,0), tmamMeTp KOTOPOro PaBeH TOJIIIMHE MJIOCKOTO CBETOBOJA, ONPENEIUTD,
oOecrnieunBaeTcs JIU MpU 33JaHHOM JUAMETpPE CepACYHUKA OJHOMOIOBBIN pe-
UM paboOThI; €clii HE 00eCNeUnBaETCsA, TO ONPEACIUTh, KaKOW JOJIKHA OBbITH
POHUIIAEMOCTH 00O0JIOUKH JIJISl €TO BBITTOJIHEHUS;

OI[HOMO,Z[OBBIﬁ PEKHUM pa6OTBI B KPYI'JIOM CBETOBOAC UMECT MECTO, KOI'lia

R=k-a\¢ —¢, <2,405,

rae k= 27” , a— Ppaauyc Kpyrjioro cBETOBOJIA, paBHbIi h.

R=4,05-10°-4,5-10°/2,31-2,15=4,9

Ycnosue OJHOMOAOBOTI'O PCKHMMaA HC BBIIIOJIHACTCA.

Haiinem &, , npu KOTOpOM Oyner obecreuynBaThCsl OTHOMOJIOBBIN PEKUM:

, (2, 405 jz
E —& =
i i ka

2 2
o =g - 2305) _p 3 [ 2401 50y
= ka 4,05-3

b

OI[HOMO,Z[OBBIﬁ PEKUM BBIIIOJIIHACTCA IIPU

g >2,271.

n

7) u300pa3uTh CTPYKTYPY BEKTOPHBIX JUHUM 115 ojied E u H y ocHOBHOM BOJIHBI
KpYyIJIOTO CBETOBOJA B MONEPEYHOM CEYEHUMU.
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Bonna tTuna HE;; uMeeT HAaUMEHbIIIYI0 KPUTUYECKYIO YaCTOTY, PaBHYIO HYJIIO, U

SBJISIETCS. OCHOBHOM BOJIHOW JTMAJIEKTPUUECKOU KPYTJIOW JIMHUU MTEPEIAYH.
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