degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TEXHOJI0T Uil

II.A. ®opm

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: OOm1ast pu3KKa: HIEKTPHYSCTBO U MATHETU3M

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: CynepKoMIBIOTEPHOE MOJICIMPOBAHUE SICPHBIX TPOLIECCOB M TEXHOJIOTHI
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa Qu3nKu 1 GU3NIECKOTO MaTePUATOBEICHUS

Kypc: 1

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

3 (ocenHuit) - Jxk3aMeH

AynutopHbIx yacoB: 105 Bcero, B TOM 4HcIe:
JeKnuu: 45 yac.
ceMuHapsl: 60 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 90 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 225, Bcero 3ad. e1.: 5

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocrtaBui: M.I. CutHuUKOB, KaHa. (U3.-MaT. HAyK, TOLEHT

[Iporpamma obcyxieHa Ha 3aceannu Kadenpbl Pu3nKu u Gusndeckoro Matepuanosenexus 17.03.2020



AHHOTANMA

JlanHbIA pa3nen QU3UKK TOCBAMIEH M3YYCHHIO KIACCHYECKOH TEOPHH DIIEKTPOMArHUTHOTO mmolsi. B kypce
paccMaTpuBaIOTCSl KIIOUEBBIE MOHSATHS M METOIbl (PU3MKU SIEKTPOMArHUTHBIX SIBICHUH KaKk 4acTH Kypca
obmield ¢usuku. M3noxeHwe Kypca HaYMHAETCS CO 3HAKOMCTBA OOYYaroIIUXCsS C TaKUMH 0a30BBIMU
JIEMEHTaMH TEOPHUH KaK 3aKOH COXPAaHEHHUS 3apsa, 3akoH KyloHa, MpuHIMI CyNepno3uiuy, reopema ['aycca
B HMHTETPaJbHOM M Au(p(EepeHIHanbHOM BHIE, CKAJSPHBINA MOTEHLMAN 3JIEKTPOCTATHYECKOTO TOJIL M JIp.
[TocnenoBarenpbHO M3JIAraroTCsS TEOPUS W 3aKOHBI B3aUMOJCHCTBHUS IEKTPUYECKHX WM MArHATHBIX IMOJIEH C
BemectBoM. DopmynupyroTcss ypaBHeHUss MakcBeluia B uHTerpaibHod u auddepeHnuanbHoi  dopme.
Harotcs 6a3oBble MOHATHS 00 SJIEKTPOMArHMUTHBIX BOJIHAX W JIMHUSX TNepenadd sHepruu. s ycnemHoro
OCBOCHHSI OHJIAH-Kypca oOyuaromuiics OODKeH BJIageTh OCHOBAMH MAaTeMaTHMYEeCKOTO aHalu3a, 3HaTh
OCHOBBI JJMHEHHO! anreOpbl ¥ YMETh ONIEPUPOBATH C KOMIUIEKCHBIMU YHCIIAMHU.

1. leau u 3apa4u

eap AUCUMNIMHBI

- OCBOCHHC CTyACHTaAMH OCHOB KJIaCCUYECKOH QJICKTPOAMHAMUKNU W 3HAKOMCTBO CTYACHTOB C
3JIEMCHTAMHU ONITUKU U TCOPUH I10JIA.

33)13‘-[1/1 JAUCHUIIINHBI
- 3HAKOMCTBO C 0a30BBIMU OKCIICPUMCHTAJIbHBIMHA (baKTaMI/I B obmactu QJICKTPHUYICCTBA U MAarHeTU3Ma,

- yCBOEHHE ypaBHEHMIl MakcBeilla B BaKyyMe€ W B MaT€pUAJIbHBIX CpElaxX, OIMCHIBAIOLIMX BCE
UIEKTPONHAMUYECKUE SIBICHMS;

- OBJIAICHUC MATCMATHYCCKUMHU MCTOAAMHU, ITO3BOJIAIOIUMU pCHIAThL YPABHCHUA MaKCBeJ'IJ'Ia;
- pCICHUC 3a/1a4, OXBATBIBAOIIUX OCHOBHBIC IIPUIIOKCHUS SJICKTPOANHAMUKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

VYK-1 CriocobeH oCymiecTBIsTh MTOUCK, VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HH(OpMaLny, |HOCIEICTBUS BOZMOKHBIX BApUAHTOB PELICHUS 3a1a4H
MPUMEHSATh CUCTEMHBIHN MOIXO sl PEIICHUS
MOCTaBJICHHBIX 3a/1a4

OIIK-1 CniocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
(dyHIaMEeHTaIbHBIC 3HAHUS, IOTYYCHHBIC B HaMe4JaTh MyTH €€ PeIICHHUs

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIISTh OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO U TpaduueCcKoro
Hay4HbIC U (WJIN) TEXHUYECKUE Tpe/ICTaBICHHUS pe3yabTaToB Hay4YHOM
(TexHonornvyeckre, THHOBALIMOHHBIE) OTYETHl  |(HAYYHO-TEXHUYECKOW, WHHOBAIIMOHHON TEXHOJIOTUYECKOM)
(ryOrTIKanmy, TPOEKTHI) JEATEIIFHOCTH B BUJIC OTYETOB, HAyYHBIX ITyOIMKAIHIA

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI
3HaTh:
- YUCJICHHBIE TTOPSIIKK BEJIMYUH, XapaKTEPU3YIOIIHE SJIECKTPUUECKUE U MATHUTHBIC SIBJICHUS;
- OCHOBHBIC 3aKOHBI JICKTPOJIMHAMUKH B BaKyyMe U BelllecTBe (ypaBHEHUSI MakcBea),
- 3aKOHBI 3JICKTPOCTATUKU U MAaTHUTOCTATUKY;
- SIBJICHUE DJIEKTPOMAarHUTHOW HHIYKIUU;
- BBIPA)KCHUE 3aKOHA COXPAHEHUSI DHEPTUU JUIS SJIEKTPOMArHUTHOTO HOJIS;
- KBa3UCTalMOHAPHBIE 3JIEKTPOMArHUTHEIE SIBICHNUS;
- 3JIEMEHTApHYIO TEOPUIO BOJHOBOAOB U 00BEMHBIX PE30HATOPOB;
- OCHOBHBIE MTOHATHS O TIIa3Me.
YMETh:



- abcTparupoBaTbCs OT HECYLIECTBEHHOTO IPY MOAETUPOBAHNUHN PEabHBIX (PU3NYECKUX CUTYaIH;
- JIeJ1aTh [IpaBUJIbHBIE BBIBOJIBI U3 CONIOCTABIIEHUS PE3Y/IbTaTOB TEOPUU U IKCIIEPUMEHTA;

- HaXOOUTh Oe3pa3MepHbIE MapaMeTphl, ONPEACISIONINE H3y4aeMOe SIBICHUE;

- IPOU3BOIUTH YUCIIEHHBIE OLEHKU T10 IOPSIIKY BEIUYHHBL;

- JIeJIaTh Ka4eCTBEHHBIE BBIBOJIBI ITPH MEPEXOJIE K MPEEIbHBIM YCIOBHSIM B U3y4aeMbIX MpodIeMax;
- 00ecreunTh JOCTOBEPHOCTH MOMyYaeMBbIX PE3YJIbTaTOB;

- BUJECTh B TEXHUYECKHX 3aa4ax (pU3nueckoe coaeprkaHue.

BJIAJIETh:

- METOJJaMH pelieHus (PU3NIECKUX 3a/ad 110 IEKTPOJHHAMHKE;

- HaBBIKAMH CaMOCTOSATENBHOM paboThl B maboparopuu, oubnroreke u MHTEepHETE;
- HaBBIKAMH OCBOCHUS OOJIBIIOT0 00beMa HH(POPMAIIHH;

- KYJIBTYPOI IOCTAHOBKU M MOJCIMPOBAaHMS (PM3UYECKUX 3a/1a4.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora
1 MarsuTocTraTuka. 4 7
2 [TocTostHHBIE TOKH. 4 8
3 DJeKTpOANHAMHUKA. 4 7 45
4 DJeKTpocTaTHKa. 3 8
5 [Tepemennsie TOKH. 10 10
6 DJIeKTpOMarHUTHbIE BOJIHBI B CpeJax. 10 10
7 OJeMEHTBI OIITUKHU. 10 10 45
Nroro yacos 45 60 90
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

225 4ac., 5 3au.eq.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemecrtp: 2 (Becennuit)

1. MarauTocTaTHka.




3akoH AMrmiepa B3aMMOACUCTBHS TOKOB. MarHMTHOE II0Jie MOCTOSHHBIX TOKOB B BaKyyMe Kak
BekTopHOe mosie. Uuayknust \ marauTHoro mnois. 3akoH buo-Casapa-Jlamutaca. Cuibl Amriepa u
Jlopenna. MaruutHoe mone mnpsMoro mposoxa.. Emuamuer CI'CO uw CI'CM. Omnwit
Bebepa-Konbpayma u a5eKkTpoJuHaMH4ecKas MOCTOSHHAs C.. MarHMTHOE TOJieé BHTKAa C TOKOM.
MarnutHoe Tone coneHouzaa. Teopema O IMPKYISIMM MarHUTHOTO TIOJII B HWHTETPAIbHON H
muddepennmanbHoi  popmax. MarHuTHoe Toje MPOBOJHUKOB C TOKAMH: TOJICTOTO MPOBOAA,
KOAKCHAJIBHOTO Kabessi, COJIeHOMIa, TOPOUAa, OBMKYIICHCS 3apsHKEHHOW IUIOCKOCTH. MarHutHoe
I0JIe CUCTEMBI TOKOB Ha OOJIBIIOM yAAJCHUH OT 3TOM CUCTeMbl. MarHUTHBIN JUMOIb. MOMEHT CHII,
JNCUCTBYIOIMX HA JUIOJIb, W SHEPTUs MAarHUTHOTO [HIIONS B MAarHUTHOM Iojie. MarHUTHBbIC
MOMEHTBl aTOMOB M MOJIeKysl. KauecTBEeHHbIE MNpPENCTaBIECHUS O MEXaHHW3ME HaMarHUYUBAaHUS
MapaMarHeTHKOB U JTUaMarHeTHKOB. BekTop HaMarHW4eHHOCTH BemecTBa. CBOOOTHBIE TOKU U TOKH
HAaMarHW4MBaHWA. MarHuTHas BOCHPUUMYHMBOCTH W MArHUTHAas HPOHUIAEMOCTh BEIECTBA.
HamnpspkeHHOCTh MarHUTHOTO TTOJIsI. XapakTep U3MEHEHUs HAapsHKEHHOCTH U MHAYKIIUH MarHUTHOTO
HOJIS Ha TPaHMIIE pa3/ielia IByX MarHeTHKOB.

2. ITocTosiHHBIE TOKH.

[TocTosuubIil Tok. CHna U MIOTHOCTh TOKA. YPaBHEHHE HENPEPHIBHOCTH 3JEKTPUUECKOTO 3apsja.
3akon Oma B mHTerpanbHOil M auddepeHunanbHoil Gopmax. DnekrpoaBwxkymias cuia. [IpaBuna
Kupxroga. Pabora u MomHOCTh mocTossHHOrO Toka. 3akoH Jlxoyns-Jlenma. OObEMHBIE TOKH.
[IpoBogumocTs anona, 3akoH Jlenrmropa.

3. DnexkTpoAMHaAMUKA.

JIBI>xeHME 3apsHKEHHBIX YACTHIL B DJICKTPUYECKUX M MarHUTHBIX Noisix. [IpeoOpazoBanus mosneit mpu
nepexojax M3 OJHUX MHEPLUAJIbHBIX CUCTEM OTCUETa B Ipyrue. DJIEKTPOMAarHUTHAas MHAYKLUS B
JBWDKYIINXCS U HEMOJBMXKHBIX MPOBOJHHUKAX. DIEKTPOABIDKYILAS cuila MHAYKIMHK (3akoH Dapanes).
IIpaBwio JleHua. BuxpeBoe snekrpuueckoe mnosie. HenmpepblBHOCTh CHIIOBBIX JIMHUKA MarHUTHOTO
noinis. IlepBas mapa ypaBHeHuit Makcsemna. Tok cMmemenus. Bropas napa ypaBHeHui Makcsesia.
[Tonnas cuctema ypaBHeHHMii MakcBeiuia B BakyyMme. BomHOBoe ypaBHEHHE. DJIEKTPOMarHUTHBIE
BOJIHBI B CBOOOJHOM HPOCTPAHCTBE, CKOPOCTh UX PACIPOCTPAHEHUS. DIEKTPOMAarHUTHAS MPUPOIA
cBeTa. YpaBHeHHMs MakcBelsla W 9JIEKTpOMarHuTHas MHAyKUMsa. B3aumHas MHIYKTUBHOCTb
KOHTYpOB; TeopeMa B3aUMHOCTH. Kod(puuueHT caMOMHIYyKIUH KOHTypa. WMHIYKTUBHOCTD
JUINHHOIO COJICHOUJAA. OHEprus, COCpPENOTOYCHHas B UHAYKTUBHOCTU. IlnoTHOCTH 3Hepruu
MarHuTHOTo mojsl. "DHepreTuyeckue" omnpeaenacHus Kod(pGUIMEHTOB B3aUMHOW MHIYKTHBHOCTH U
KO3 pUIMEHTa CaMOMHIYKIHMU. DHEPreTHYECKHH METO BBIYMCICHHS CHJI B MAarHUTHOM IIOJI€.
ITonpéMHas cuita HIEKTPOMAarHuTa.

4. DneKTpoCcTaTuKa.

Onexrpuueckue 3apsaabl. 3akoH Kynona. HanpsokenHocts anekrpuueckoro noist. Equnnuet CU u I'C
U3MEPEHUs 3JIeKTpudeckux BennuuH. [IpuHuun cynepnosunuullorox BexTopHOro noss. Teopema
laycca asist aeKTpUUECcKOro Mojisl B BaKyyMe. DJIEKTPUUYECKOe MoJe 3apsHKEHHBIX Tel: cepsbl, mapa,
HUTH, LWIMHAPA, IUJIOCKOCTH, cios. JIMHEWHBIH WHTErpag M LUPKYJISALUS BEKTOPHOIO IOJIS.
[lorenumaneHple W BHXpEBble BeKTOpHble mOds. lloTeHuman saexTpuueckoro monsA. Ces3b
HaIPsKEHHOCTH I10JIs1 C IPaJleHToM IoTeHIHana. [IpoBOJHUKY B IOCTOSTHHOM 3JIEKTPUYECKOM II0JIE.
I'panuunbie yclaoBUs [AJIsl JIEKTPUUYECKOTO IIOJS HAa 3apsKEHHOM MOBEPXHOCTH MPOBOAHHKA
Onexrpuueckuil aumoinb. [loTeHnnan u HanpsKEHHOCTH MO 3JIEKTPUUECKOTO TUTIONSA. YpaBHEHHE
[lyaccona mig moTeHUMala MOCTOSIHHOTO 3JeKTpuueckoro mossi. OOmas 3amava 3IeKTPOCTATHKH.
Merton wu300paxkeHuit. Onekrpudeckue EmkocTd. KoHjeHcaTopbl. DHEprusi B3aUMOACHCTBUS
3apsI0B. DHEPrus SIEKTPUUYECKOTO MOJIS ¥ €€ JIOKaIu3auus B npocTpancTse. Cuia, AecTBYIOMAs Ha
JJIEMEHT IIOBEPXHOCTH IIPOBOJIHUKA ([ABJIEHUE 3JIEKTPUYECKOro IIOJs). OHEprust AUIOIS B
SIIEKTPUUYECKOM TI0JI€ U MOMEHT CHJI, IEHCTBYIOIIMX HA JIUIOJNb. DNEKTPHUUECKas MOISIPU3YyEeMOCTb
aTOMOB W MoJleKyJ1. Bektop mnomsipuzanum BemiectBa (auaiekrprka). CBOOOAHBIE M CBSI3aHHBIC
3apsabl. JudnekTpuueckas BOCIPUUMYUBOCTD W JIMAJIEKTPUYECKas MPOHUIAEMOCTh BELIECTBA.
WNuaykuus 31eKTpu4ecKoro nojsi. JHEprus 3JIeKTPUUYECKOTO Mo B TUAJIEKTPUUECKO cpele.

Cemecrtp: 3 (Ocennwii)

5. IlepeMeHHBIE TOKH.



Konebarenbublii koHTYp. CBOOOIHBIC 3aTyxaromiue KoyieOaHWs AIIEKTPUYECKOr0 TOKa B KOHTYpE.
Koaddurment 3aryxanus, norapuMUYECKHid JIEKPEMEHT 3aTyXaHWsi W JOOPOTHOCTh KOHTYpA.
DHeprusi, COCpPEIOTOYCHHAsT B KOJeOATeJbHOM KOHTYpe. JHEPreTHYECKHH CMBICT JOOpPOTHOCTH.
BeiHykieHHbIe KoJe0aHMS 3JIEKTPUYECKOTO TOKAa MOA ACHCTBMEM BHEIIHEIO0 CHHYCOHMJIAIBHOTO
HarnpspKeHusl. AMIUTATYIHAs 1 (a30Basi XapaKTEPUCTUKU TOKa M HanpspkeHuid. Pezonanc. Ipomecc
YCTaHOBJICHUSI CTAIIMOHAPHBIX KOJIICOAHWH. YCIOBHE KBa3HCTAIIMOHAPHOCTH ToKa. ['apMoHHMUECKHe
(cunycoupmanbHbie) TokH. [IpencrapieHne kojaeOaHWN SJIEKTPUYECKOTO TOKA M HANpsDKEHHN dYepes
KOMIUJICKCHBIE BEIMYUHbI. BekTopHble nuarpammbl. KomriekcHOe CONpoTHBIIEHHE (MMIEJaHC)
JNEMEHTa Ienu nepeMeHHoro Ttoka. IIpaBmma Kupxroda s mepemeHHbIX TOKOB. Pabora m
MOIIHOCTh NEPEeMEHHOro Toka. JleiicTByromue 3HA4eHUs TOKA M HANpsDKEHHWSA. BBIHYXKIICHHBIC
JNEKTpUUECKUe KojeOaHus B KOHType. CBS3b INMPUHBI PE30HAHCHOTO IHKA C JOOPOTHOCTHIO
KOHTypa. Pe3oHaHc HampspkeHWH © pe30oHaHC TOKOB. Pe3onaHcHbIl Tpancdopmartop Tecna.
Wurerpupyromme u auddepeHnupyronme aHaloroBele cxeMbl. [lapamerpudeckoe BO30ykIeHHE
konebanus. [lonsitue o006 aBrokonebanusix. [eneparop Ban-gep-lIloms. OOparHast  CBs3b.
PacnipocTpaHeHne nmepeMeHHOro TOKa 10 JUIMHHOMY NPOBOAY (Kabemto). YpaBHEHUS, CBSA3BIBAIOIINE
TOK M HaIpsKEHHE Ha MAJloM ydacTke Kabens (TenerpadHble ypaBHeHHs). EMKOCTb, MHIYKTHBHOCTD,
CONPOTHUBIICHHE W YTeYKa HA CIUHUIYY IMHBI KaOeis. YCIOBHE paclpOoCTpaHEHUS CHUTHAla IO
kabemo Oe3 3aryxaHusl. YCIOBHE paclpOCTPAHEHHWs CHTHAlla C 3aTyXaHWeM, HO 0e3 HCKa)KeHHSI.
CKopocCTh pacnpoCTpaHeHHs CHTHaJa 1Mo kadento. BoiHoBOe conpoTHBiIeHNE KaOeIIs.

6. 3HeKTpOMaFHI/ITHLIe BOJIHBI B Cpeaax.

JuanekTpuueckue Cpeabl: MHIAYKLIMS DJIEKTPUYECKOIO IO M AUINIEKTpUYEcKas IIPOHMLIAEMOCTb
cpenpl. MarHUTHBIE CpEbl: HANPSKEHHOCTh MATHUTHOTO IOJIT U MarHUTHAsI MPOHUIIAEMOCTD CPEBI.
[InotHOCTH TOKa cMemieHHs (TOKa CBSI3aHHBIX 3apsfoB) B cpene. YpaBHeHHMs MakcBemia
MarepualbHble YpaBHEHHs (ypaBHEHHUS CBSI3M) B HM30TpomnHOW cpexe. llLnoTHOCTs 3Heprum u
IUIOTHOCTH MTOTOKA 3Hepruu (Bekrop [IoMHTHHIA) 3IEKTPOMarHUTHOTO IMOJIsl B U30TPOITHOM cpeze (B
4acTHOCTH - B Bakyyme). [lonsarue o0 ummynbce W MOMEHTE HMITyilbca (YIJIOBOM MOMEHTE)
JIeKTpOMarHuTHoro mnoust. Iliockas JsMHEHHO NOJISIpU30BaHHAs JJIEKTPOMATrHUTHAs BOJHA B
OIHOPOIHOM JU3JIEKTPUUECKON cpefie (B YACTHOCTH - B Bakyyme). YacToTa BOJTHBI, BOJTHOBOM BEKTOP.
dazoBast ckopocTh BoiHbl. Koaddumument npenomnenust cpeapl. [lomepedyHOCTs MIOCKOW BOJHBEI.
Bexrop [loitnTuHra 1u1s miockoid BonHel. lasneHue uznnyuenus. [IpoBonsmue cpepl. DKpaHUPOBKA,
nebaeBckuit paamyc. IlnasmenHas vacrora. [lnmockasi 3nMeKTpOMarHWTHAasi BOJHA B TPOBOMASIICH
cpene. CxuH-3Qdext. PacnpocTpaHeHHne 3JIEKTPOMArHWTHBIX BOJH B 'rase" OCHUIUIATOPOB.
Hucniepcus u 3aryxanue BoiH. HopMmanbeHasd 1 aHOManbHasi AUCHEPCUU. BOIHOBOI NTaKET KOHEYHOM
NpOTSKEHHOCTU. [pynmoBas ckopocts. @opmyna Panes. [lucnepcrs 37IeKTpOMAarHUTHBIX BOJH B
cpenax co cBOOOTHBIMHM 3apsaaaMu (MEeTasulbl, I1a3Ma). JAuaneKTpuueckast MpoOHULAeMOCTh TUIA3MBbl.

7. D1eMeHTHI ONTUKH.

berymue u crosune 3JI€KTPOMAarHUTHBIC BOJIHBL. DJEKTPOMArHUTHBIC BOJIHBI B HPSMOYTOJIbHBIX
BoJHOBOAAX. Kpurnueckas yacrora BoHoBoga. O0bEMHBIN pe3onarop. CTosune 3J1eKTPOMarHUTHbIE
BOJIHBI (MOZBI 3JIEKTPOMAarHUTHOro u3iydeHusi). TE- u TM-BomHbl. OTpaskeHHE U TpeTOMIICHHE
anekrpoMarHuTHeIX TE- m TM-BonmH Ha rpanune pasaena cpen. 3akoH CHemnnyca. Dopmyssl
Openens s K03(GGUIUEHTOB OTPaKEHHUST M IPOXOKIeHUs. Yron bprocrepa. [lonHoe BHyTpeHHEE
oTpakeHre. TyHHENBHBIH S(PQEKT. MONSPH3ANUM TUIOCKOH BOJIHBL. 3aTyXaHWE BOJHBI B CpeJie.
[onspounpl. 3akon Maitoca. DIeKTpOMarHUTHBIE BOJIHBI B aHM3O0TPONHBIX cpeaax. OZHOOCHBIE
KpucTajuibl. /IBoliHOE JyuenpenomiieHUe U HOJspU3alUOHHble Npu3Mbl. [lnacTuHkM B 4eTBEpTh
BOJIHBI U B IOJIOBHHY BOJIHBL. [IOBOPOT MIOCKOCTH MOMApH3alMM B MarHUTHOM mosie (3ddext
Ddapanes).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI



OcHoBHas nuTeparypa
1. O6uwmit kype ¢pusuku [Teker] : B 5 1. T. 3 : Dnexrpudectso : yueb. mocodue st By3oB / [1. B.
CuByxuH .— 4-e u3g., crepeorun.. — M. : @usmarnut, 2002-2006, 2009 .— 656 c.
2. O6mmit kypc ¢usuku [Texcr] : 8 5 T. T. 4 : Onruka : yae6. mocooue st By3oB / JI. B. CuByxun .—
3-e uzn., crepeotun. — M. : @uzmariurt, 2002, 2005, 2006 .— 792 c.
3. KoneGanwus v BoHBL. BBeneHue B akycTuky, paguodusuky u ontuky [Tekcr] : yue0. mocodue aiis
By30B / I. C. l'openuk ; mox pea. C. M. PeitoBa .— 3-e uzn. — M. : @usmariut, 2007 .— 656 c.
4. DnexTpuuecTBO U MarHeTu3M [Tekct] : yueb. mocobue ans By3oB / H. A. Kupuuenxko ; M-Bo
oOpazoBanus u Hayku PD, Mock. uz.-texH. (roc. yH-T .— M. : MOTHU, 2011 .— 420 c.
®onp nuteparypsl Kadeaps

5. Kozen C.M., Jleitman B.I", Jlokmmn [.P., OBunnkun B.A., [Ipyt 3.B. Co6opHuk 3aga4 moodmemy
Kypey ¢usuku. Y. 2. DnexrpuyectBo U MarHetusM. Onrtuka. [Tox pea. B.A.OBunHkuHa. - MockBa,
W3n-so M®TU, 2001.

6. Kopsieo B.I1. MeTonp! pemenus 3a1ad B o01ieM Kypce Qu3nke. INEKTPUIESCTBO U MAarHETH3M. —
Mocksa, Ctynent, 2011.

JlononHuTeNbHAS TUTEpATypa
1. BoroBeIe miporiecchl : OcHOBHBIC 3aK0HBI [ Tekcr] : yueb. mocobue mist By3os / U. E. UpomoB .— 5-¢
u3j., uctnp. — M. : BUHOM. JIa6. 3nanuii, 2010, 2013 .— 263 c.
2. DnexrpomaraetusM. OcHoBHbIE 3aKoHBI [ Tekcr] : yue6. mocobue mis By3os / U. E. Upogos .— 7-¢
n3a. — M. : BUHOM. JIa6. 3nannii, 2009, 2010, 2013 .— 319 c.
3. @eiinmaHoBcKkue Jieknuu 1o ¢usuke [Tekcr]. Boim. 5 : DnekrpudectBo u MarueTusm : [y4eoO.
nocobue myis By3oB] / P. @enman, P. Jleiiton, M. Canggc ; nep. ¢ aari. [ U. Komputosa, FO. A.
Cumonosa ; mox pen. 5. A. Cmopoaunckoro .— 4-e u3a. — M. : JIKH, 2008 .— 304 c.

®Dony muTeparypsl Kadeaps

4. Kurenp Y., Haiit V., Pynepman M. bepxiieesckuii kypc ¢uzuku. T. 1. Mexanuka. - M.: Hayka, 1975
(2-e u3n., cTepeotwiL. ).
5. Uponos U.E. 3amauu mo obmieit ¢usmke. - Mocksa, HTL BJIAJIMC, 1998.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

1) http://www.compadre.org/quantum/search/search.cfm?b=1&gs=2242)
2) http://www.scholarpedia.org/article/Encyclopedia of physics

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX JEMOHCTPUPYIOTCS TIPE3ECHTAIUH C IIOMOIIBI0 MYABTUMETUITHBIX
TEXHOJIOTHH.

B mporiecce caMoCTOSTENEHON paboThl 00yYaIONUECs MOT'YT UCIIOIb30BATh MPOTPAMMHBIC CPEICTBA
MATLAB, Mathcad, WolframMathematica.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



JlJisl yCcIenrHoro 0CBOGHUE Kypca OT CTyJeHTa TpeOyeTcsi 00JbIoi 00beM CaMOCTOSTENbHON paboThI,
KOTOPBII BKJIOYaeT YTEHHE W KOHCIIEKTUPOBAHHE PEKOMEHIOBAHHOW JIMTEPATYphbl, MPOPadOTKY
y4ueOHOoro Marepuana (Mo KOHCIEKTaM JICKIIWH, y4eOHOW W HaydyHOW JHTeparype), pellieHHe 3ajad,
npeajaraeMbelX CTYACHTaM Ha JICKIUSIX W NMPAKTUYECKUX 3aHATUSX — IMOATOTOBKY K IPOBEPOYHBIM
MepornpuaTHsM. [loka3aresnem BiIaJeHUs MaTepHAIOM CIIy>)KUT yMEHHE PelIaTh 3aa4H, a TAKKe YMEHHUE
W3JIOKUTh TEOPETHUSCKUH Marepuan IUCUUILIMHBL [lpym pemieHnM 3agadn HEOOXOAWMO yMETh
MOCTPOHUTh MOJIENb, BBIOpaTh pa3yMHbIC MPHONMKEHUS, BHIOpaTh YJOOHYIO CHUCTEMY KOOpAHMHAT U
UCIIONIb30BaTh YIOOHBIE O00O3HA4YCHHWS. 3HAYMTENHHO OOJETYUTh pEIICHHE 3aJa4l MOXKET XOPOIIO
BBINTOJTHEHHBIN YEPTEK, €CIIM OH COOTBETCTBYET YCIIOBHMIO 3a/aud. B Havasne 3aHATHS, MPOBOAUTCS
KOPOTKHI TECT [0 Marepually NpOIIEeIIINX 3aHATHH B NHCbMEHHOW Qopme. OOs3aTenbHBIM
TpeOOBaHMEM SBJISIETCS BBIIOJHEHHE JOMAIIHUX palboT, KOTOpble O(GOPMISIOTCS B CIEHUATIBHO
OTBEIEHHOW ISl TOr0 TETpajyd M CHCTEMaTHYECKH CHAIOTCS Ha INPOBEPKy. B TedeHme cemecrpa
MPOBOIATCS JIBE KOHTPOJIbHBIE PAOOTBHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: CynepKoMIBIOTEPHOE MOJICIMPOBAHUE SCPHBIX TPOLIECCOB M TEXHOIOTHI
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kadeapa Qu3NKu 1 GU3HNIECKOTO MaTePUATOBEICHUS

Kypc: 1

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
2 (Becennwuil) - luddepeHpoBaHHbIii 3a4€T

3 (ocenHuit) - Dxk3aMeH

Pa3zpatGoTunk: M.I'. CutHukoB, KaHA. GU3.-MaT. HAyK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.5 Ormpenenser ¥  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 33/1a491

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CniocobeH aHanmM3upoBarh MOCTABICHHYIO 3aady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.3 CnocobeH ompeaensTs TpaHUIbl TPUMEHHUMOCTH
MOJyYEHHBIX PE3yJbTaTOB

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH
Hay4HbIC U (UJTM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(myGnuKanum, MpoeKThI)

OIIK-3.3 Bnageer mMeToamMu BU3yaJbHOTO U TpadudecKoro
MpeCTaBICHUS pe3yapTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHONW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINi

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare usydeHHs IUCHUILIMHBI «OOmas ¢u3MKa: SIEKTPHYECTBO M MarHeTu3M» OOydaroIIMHCS

JIOJDKEH

3HAThb:

- YHCJICHHBIE TIOPSAAKU BEIWYNH, XapaKTEPHU3YIOIIUE dIEKTPUUYECKUE U MATHUTHBIC SIBJICHUS;
- OCHOBHBIE 3aKOHBI 3JIEKTPOIMHAMUKY B BaKyyMe U BeliecTse (ypaBHEeHHs MakcBelia);
- 3aKOHBI 3JICKTPOCTATUKN 1 MArHUTOCTATHKHY;

- JABJICHUC 3HCKTpOMaFHHTHOﬁ WHAYKIOHH;

- BBIPAXKCHUC 3aKOHA COXPAHCHUA DHCPIUU AJIA SJICKTPOMATrHUTHOTI'O I10JIA;
- KBa3UCTALIMOHAPHBIC JICKTPOMATHUTHBIC ABJICHUSA
- DJICMCHTApPHYI0 TCOPUIO BOJIHOBOAOB U 00BEMHBIX PE30HATOPOB;

- OCHOBHBIE MOHATHS O TUIA3Me.
yMeThb:

- abcTparupoBaTbCs OT HECYLIECTBEHHOTO IPYU MOACTUPOBAHNUHN PEabHBIX (PU3NUECKUX CUTYaLH;
- JIeJ1aTh [IpaBUJIbHBIE BBIBOJIBI U3 CONIOCTABIICHUS PE3Y/IbTAaTOB TEOPUU U IKCIIEPUMEHTA;

- HaXOOUTh Oe3pa3MepHbIE MapaMeTphl, ONPEACISIONINE H3y4aeMOe SIBICHUE;

- IPOU3BOIUTH YUCIIEHHBIE OLEHKU T10 IOPSIIKY BEIUYHHBL;

- JIeJIaTh Ka4eCTBEHHBIE BBIBOJIBI ITPH MEPEXOJIE K MPEEIbHBIM YCIOBHSIM B M3y4aeMbIX MPoOIeMax;
- 00ecreunTh JOCTOBEPHOCTH MOyYaeMBbIX PE3YJIbTaTOB;

- BUJCTh B TEXHUYECKHX 3aJa4ax (pU3nueckoe coaeprKaHue.

BJIaJeTh:

- METOJJaMH pelieHus (PU3NIECKUX 3a/ad 110 IEKTPOJHHAMHUKE;

- HaBBIKAMH CaMOCTOATENBHOM paboThl B maboparopuu, Oubnroreke u MHTepHeTe;
- HaBBIKAMH OCBOCHUS OOJIBIIOT0 00beMa HH(POPMAIIHH;

- KYJIBTYPO# IOCTAHOBKU M MOJEIMPOBAaHMS (PM3UYECKUX 3a/a4.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

B nensix Tekyliero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPEeAbLAyIIHX
3aHATHH 110 TEME MPOLLION JIEKIIUN WM B KOHLIE 3aHATHS 110 IPOMIEHHOMN TeMe.




3. [lepeyeHb THNMOBBIX KOHTPOJIBHBIX 3/IaHUI, HCMOJIb3yeMBIX /Js OIEHKH 3HAHWM,
YMeHHii, HABLIKOB

[IpomexxyTouHasi aTTecTanus 1Mo aucuuruinHe «O0mas Gu3uKa: IEKTPHYSCTBO U MAarHETU3M)»
ocymiectBisieTcs B hopme nuddhepeHIIPOBAaHHOTO 3a4eTa BO 2-M ceMecTpe U B opMe IK3aMeHa
B 3-M cemectpe. AuddepeHmpoBaHHbIi 3a4€T 1 SK3aMEH IPOBOAMUTCS B YCTHOH Gopme.

[IpumepHBIii epeyeHb BOMPOCOB B TeCTAX.

2 cemecTp.

1. laTh onpezneneHre mpoOHOTO IMEKTPHUECKOTO 3apsijia M BEKTOpa HANPSHKEHHOCTH
ANEKTPUUECKOTO TOJISI.

2. Chopmynupoats 3akoH KysoHa.

3.3amucarp ob1iee BeIpaskeHue i HanpsukéHHocTH daekTpudeckoro mos ${\bf E}({\bf r})$
MIPOU3BOJILHOM CUCTEMBI 3apsI0B B ABYX ciaydasx: (1) cucrema coctout u3 Habopa TOYCUHBIX
3apsanoB $q i, kakmpIi U3 KOTOPBIX HaXOAKUTCs B cooTBeTcTBYIoNIEH Touke ${\bf r} _i$; (2)
MMEETCsl HeTIPEPBIBHOE pacIipeieieHue 3aps0B M0 MPOCTPAHCTBY ¢ 00BEMHOM MIIOTHOCTHIO
S\rho({\bf r})$.

4. ChopmymupoBats Teopemy ['aycca B cucremax CU u CI'CD. (ChopmynupoBarh CI0BaMH U
yKazath opMyILy).

5. Ucnonw3ys Teopemy ["aycca, HaiiTu (1o1poOHO, C aHATM30M CUMMETPHH, YKa3aHUEM
KOOPJIMHAT U TEOMETPHUYECKUX 0O0OBEKTOB HA YEPTEIKE) HAPSHKEHHOCTD AJIEKTPHUECKOTO OISt
PaBHOMEPHO 3apsKEHHOM TUIOCKOCTH C MTOBEPXHOCTHOM TUIOTHOCTBIO AJIEKTPHUECKUX 3apsI0B
$\sigma$.

6. Ucnons3ys Teopemy ["aycca, HaiiTu (o1poOHO, C aHATTM30M CUMMETPUH, YKa3aHUEM
KOOPJIMHAT U TEOMETPHUYECKUX O0OBEKTOB Ha YEPTEIKE) HAPSHKEHHOCTD AJIEKTPHUECKOTO OISt
PaBHOMEPHO 3apsKEHHOM HUTH C JIMHEHHOM IUTOTHOCTBIO AJIEKTpUUecKux 3apsaoB $\lambda$.
7.Hcnonb3ys Teopemy ["aycca, HaiiTh (MOAPOOHO, C aHATM30M CUMMETPHH, YKa3aHUEM
KOOPJAWHAT U TEOMETPHUYECKIX OOBEKTOB Ha YEPTEIKE) HAPHKEHHOCTD AIEKTPHUECKOTO OIS
BHYTPH PAaBHOMEPHO 3apsHKEHHOTO OECKOHEYHOTO CJIOsI, C IUIOTHOCTRIO 3apsaoB $\rho$.

8. Ucnonb3ys Teopemy ["aycca, HailTi (ogpoOHO, ¢ aHATTU30M CUMMETPHUHU, YKA3aHHUEM
KOOpJMHAT U TEOMETPUUYECKUX OOBEKTOB Ha YePTEKe) HAMPSHIKEHHOCTD IIEKTPUIECKOTO MOJIS
BHYTPH PaBHOMEPHO 3apsKEHHOTO OECKOHEYHOTO IIIIMH/PA, ¢ TUIOTHOCTHIO 3apsiioB $\rho$.
9. Ucnonwiys Teopemy ['aycca, HaliTi (oapoOHO, C aHATM30M CUMMETPHUH, YKa3aHHEM
KOOPJAWHAT U TEOMETPHUYECKIX OOBEKTOB Ha YePTeKe) HAPSHKEHHOCTD AIEKTPHUECKOTO TIOJIS
BHYTPH PAaBHOMEPHO 3apsKEHHOTO II1apa, ¢ TNIOTHOCTHIO 3apsiioB $\rho$.

10. 3anmcars obiee BeIpakeHHE TS MOTeHIMaa 3nekrpudeckoro mosst $\varphi({\bf r})$
MIPOM3BOJIBHON CUCTEMBI 3apsI0B B ABYX ciydasx: (1) cucreMa cocTOUT u3 Habopa TOUEUHBIX
3apsioB $q_i$, Kax eIl U3 KOTOPBIX HAXOAUTCS B cooTBercTByromiei Touke ${\bf r}_i$; (2)
UMEETCsl HeTIPEphIBHOE paclipeieieHue 3aps0B M0 IPOCTPAHCTBY ¢ 00BEMHOM MIOTHOCTHIO
$\rho({\bf r})3.

11. Uemy paBHa paboTa 3J€KTPOCTATUIECKOTO MOJIS IO MEePEMEIIEHHUIO 3apsia U3 TOUKH C
norenmuanoM $\varphi 1$ B Touky ¢ morenimanom $\varphi_2$?

12. ChopmynupoBath TeOpeMy O HUPKYISIHH dJeKTpocTaTrueckoro nois. (ChopMynupoBath
CJIOBaMH | yKa3aTh Hopmymy).

13. Kak cBs3aHa HampsHKEHOCTH SJEKTPOCTATHYECKOTO TOJIS C TPAIMEHTOM MOTeHIHana?

14. 3anmcaTh MOTEHIIMAN ¥ HATTPSDKEHHOCTD AJIEKTPHUECKOTO OISt TOYSYHOTO TUTIONS.

15. 3anucaTh rpaHUYHBIEC YCIOBUS HA MMOBEPXHOCTU MTPOBOIHHKA.

16. 3anucaTh BeIpaXKeHUE /IS TUBEpreHnnn BekTopHoro mois $\bf A$ B mexkapToBbix
KOOpJMHATAaX.

17. ChopmynupoBath MaTemMaTnueckyro TeopeMy ['aycca-Octporpaackoro. (ChopmynupoBaTh
CJIOBaMU U yKa3aTh GOpMyIy).



18. ChopMynupoBath 37IEKTpOCTaTHUECKYIO TeopeMy ["aycca B auddepennnansaoi hopme ¢
cucrtemax C u CI'CD.

19. [latb onpenenenue onepartopa Jlamiaca B 1eKapTOBBIX KOOPIUHATAX U 3aIIHCATh YPABHEHUE
[TyaccoHna JuIst 3IeKTPHYECKOT0 MOTEHIHAIA.

20. 3amucath BhIpaKeHHE ISl poTopa BekTopHOro moiist $\bf A$ B nekapToBbIX KOOpIUHATAX.
21. ChopmynupoBath (CI0BaMHU U yKa3aTh GopMyITy) MaTeMaTHUECKyIO Teopemy CTokca.

22. ChopmynupoBaTh TEOPEMY O MUPKYISIIIAN IIEKTPOCTATUIECKOTO TOJIS B
muddepeHmansHon Gopme.

23. Haiitu (moapoOHO, ¢ ykazaHueM (QUTrypupyromux GU3NIeCKUX BETUYUH) EMKOCTD INTIOCKOTO
KoHeHcaropa. [1nomiaas 00kimanok paBHa $S$, paccrosiaue mexay oOkaaakamu pasao $d$,
MEXy OOKJIaIKaMU BaKyyM.

24. Haiitu (mogpo6Ho, ¢ ykazanuem Gpurypupyrommx Gu3n4eckux BeINUnH) EMKOCTh
ceprueckoro KoHjaeHcaropa. Paauyc BHyrpeHHel oOkiaaku paBeH $R 18, paauyc BHemHeH
oOkmaaku paBeH $R 2§, Mexxy 0OKI1aIkaMu BaKyyM.

25. 3anmcaTh BBIpAXCHHE JIJISI SHEPTUH CUCTEMBI 3apsI0B (depe3 3apsiibl U MOTESHIHAIIBI) B IBYX
cinyuasx: (1) umeercst HAOOp TouedHbIX 3apsaa0B $q 1%, (2) 3apsia pacnpesesncH Mo NpoCTPaHCTBY
HenpepbiBHO ¢ mwioTHOCTRIO $\rho({\bf r})$.

26. 3anucath BRIpaXEHHE JIJIsl SHEPTUH 3apsDKEHHOTO KOoHJeHcaTopa émkoct $CS.

27. 3amucath CBsA3b M1y BekTopoM nossipusaiuu $\bf P$ u cBa3aHHbIMU 3apsigaMu B
UHTETpaIbHON 1 quddepennnanbaoi hopmax.

28. Jlath ompeneneHre BeKTopa nekrpudeckoi nuaykuuu $\bf D$ ¢ mosicheHrem cmbicia
burypupyromux Gpu3ndecKux BEINIHH.

29. Jlath ompeesieHre AUAICKTPUIECKO nponumnaemMoctu $\varepsilon$ ¢ moscaenuem cmpicia
burypupyromux Gpu3ndecKux BEINIHH.

30. Ykazath CBsI3b MEXKIY TUIJICKTPUUYCCKOM poHUItaeMocThio $\varepsilon$ u
nonspuzyemocteio $\varkappa$.

31. Banwucath rpanndnbie yenosus s noiei $\bf E$ u $\bf D$ va rpanutie paznena nsyx
JIDJICKTPUKOB.

32. 3anucarh BeIpaXXeHUe JI INIOTHOCTU 3HEpruu 3nekrpuyeckoro noist B CU u CI'CO B
TIMDJIEKTPUKE.

33. 3anucaTh BbIpaXKEHUE JUIS MJIOTHOCTH JIEKTPHUUECKOr0 TOKa B OJTHOPOTHOM IOTOKE
wiotHocTr $n$ wacturr ¢ 3apsmom $e$, gersmnmx co ckopocThio $v§.

34. 3anucaTh ypaBHEHHE HEMPEPHIBHOCTH B HHTETPATIBHOM U U pepeHnnanbHol Gpopmax.

35. 3anucarb 3akoH OMa B HHTErpanbHOM U tuddepeHuanbHoi popmax ¢ MOSCHEHUEM CMbICIA
burypupyromux Gpu3nyecKux BEINYHH.

36. 3anucarh BbIpaske€HUE JJI1 MOILIIHOCTH, BBIJIEISIEMON Ha MPOBOJIHUKE, B UHTETPAJIbHON 1
TuddepeHranbHol popMax ¢ HOICHEHHEM CMbICIa GUTYPUPYIOIINX (PU3HMUECKUX BEIUYHH.
37. 3anmcaTh BeIpakeHue T ciiibl JIopeHIia, AercTByrolei Ha 3apsin $q$ B anexTpudeckom
$\bf E$ u marautHOM $\bf B$ mossx.

38. 3anucarh BeIpaskeHUE A7 CHIIbI AMIiepa, TeHCTBYIOIIEN Ha MPSIMOJIMHEWHBIN POBOIHUK C
tokoM $I$ mmuner $1$ B MaruutaoM nosie $\bf BS.

39. 3anmcarts 3akoH buo-CaBapa-Jlamnaca (¢ ykazaHueM COOTBETCTBYIOIIUX BEKTOPOB Ha
pucyHKe) B ABYX (hopMmax: (1) MarHuTHOe 1oJie IBHXKYIIErocs 3apa/aa; (2) MarHuTHOE 1oJie
MaJIoro AJIeMEHTa TOKa.

40. 3anmcats o61ee Beipaxkenue st uHayknun Marautaoro moiist $ {\bf B}({\bf r})$, koTopoe
C03/1a€TCs TPOU3BOJIEHBIM HETIPEPHIBHBIM PaCIIPE/ICTICHHEM TOKOB B IPOCTPAHCTBE C
wiotaocteio $ {\bf jH{\bf r})$.

41. ChopmynupoBath Teopemy ['aycca i1t MarHUTHOTO TIOJISI B MHTETPATbHOM
(chopmynupoBaTh cI0BaMH U yKazaTb (hopMyiy) u quddepeHuanbHoi popmax (hopmyna).
42. ChopmMyaHpoBaTh TEOPEMY O IUPKYIISIAA JJI MATHUTHOTO TIOJISI B MHTETPATbHOM
(chopmynupoBaTh CI0BaMH U yKaszaTb (hopMyiy) U quddepeHuanbHoi popmax (hopmya).



43. Ucnonw3ys TeopeMy O [MUPKYJISAIAH, HAUTH (TOAPOOHO, C aHATM30M CUMMETPHH, YKa3aHUEM
KOOPJAMHAT U TEOMETPUUYECKHX OOBEKTOB Ha YEPTEKE) MHAYKIIUIO MATHUTHOTO TOJISI IIPSIMOTO
OeckoHeuHoro nmpoBoja paanyca $R$, ecnu Tox pacnpenenéH paBHOMEPHO IO MOEPEYHOMY
CEYEHUIO MTPOBOJIA.

44. Vicnonp3ys TeopeMy O LIUPKYIALUU, HAlTH (MOApOOHO, C aHATTU30M CUMMETPHH, YKa3aHUEM
KOOPJAMHAT U TEOMETPUUYECKIX OOBEKTOB Ha YEPTEKE) WHAYKIIUIO MATHUTHOTO TOJIS
OCCKOHEYHOM IJIOCKOCTH, IT0 KOTOPOH TEYeT TOK C MOCTOSHHOM JTUHEHHOMN TIOTHOCTRIO $iS.

45. Vcnonp3ys TeopeMy 0 HUPKYISALHUH, HAUTH (1TOIPOOHO, C aHATM30M CUMMETPHUH, YKa3aHHEM
KOOpJMHAT U T€OMETPUUYECKUX OOBEKTOB HA YEPTEKE) MHIYKIIUIO MATHUTHOTO TOJISl BHYTPH
OECKOHEUHOTO COJICHOM/IA, TI0 KOTOPOMY TE€YET TOK C JIMHEHHOM MmI0THOCTHIO $i$.

46. laTb onpesesieHne MarHUTHOTO MOMEHTA 3aMKHYTOI'O TPOBOJAHHUKA C TOKOM.

47. 3anucath BhIpaKEHHE M 10Jis1 MarHuTHOTO Aumnois $\bf m$ na manékux paccTosHUsX.

48. 3amucath CBSI3b MEXIY BeKTOpOoM HamarauueHHOCTH $\bf M$ u TokamMu HaMarHMYEeHHOCTH B
UHTErpaitbHOl U auddepenunanbaoi hopmax.

49. Ilath onpesierieHre BeKTOpa HanpsbkéHHOCTH MarauTHOTO Tosist $\bf HS ¢ nosicHenuem
CMBICTIa PUTYPUPYIOMUX PU3NISCKUX BEITUIHH.

50. JlaTh ompeaesicHre MarHUTHOM poHuIiaeMocT $\mu$ ¢ mosicHeHHeM CMbICTa
burypupyromux Gpu3ndecKux BEINIHH.

51. Yka3arb CBsI3b MEXK/y MAarHUTHOM MPOHUIIAeMOCThI0 $\mu$ 1 MarHuTHON
BOCIIpUUMYHBOCTBIO $\Chi$.

52. 3anwucath rpanndnbie yenosus s mosei $\bf B$ u $\bf H$ na rpanune pasmena nByx
MarHeTHKOB.

53. Ilpenmnosaras, 4To B OAHOPOIHOM MarHuTHoM mosie uuaykimu $\bf BS, yactuna 3apsna $q3$
JIBMDKETCS 110 KPYroBOi OpOUTE O CKOPOCThIO $v§, HallTH BhIpaKEeHUsI ISl IIMKIOTPOHHBIX
paanyca 1 4acTOTHI.

54. 3anucaTh BBIpaKEHUE ISl CKOPOCTH Apeiida neHTpa opOUTHI 3apsiia B CKPEIIEHHBIX MOJISX
S\bf E$ u $\bf B$ B BekTOpHOM BHIE.

55. daTh onpeaeneHue IIOTHOCTA TOKa CMELIEHHUS.

56. ChopmynupoBats 3akon Papajest B o011eM BHJIE C TOACHEHUEM CMbICIa (PUTYypUPYIOLTUX
(bu3NYECKUX BETUYMH.

57. 3anucarb cucrteMy ypaBHeHH MakcBesia.

3 cemecTp.

1. 3anucate 3axoH Dapajest B 00111eM BHIE.

2. 3anucatp "nOTOKOBOE" U "3HEpreTHyecKoe"” onpeeIeHUs] MHIYKTUBHOCTH.

3. "TIoToKOBBIM" U "IHEPreTHUECKUM'" METOJJAMH BBIUYUCIIUTH HHIYKTHUBHOCTH OECKOHEYHOTO
conenounaa. Yucno ButkoB $NS$, nmna conenonna $1$, momans nmomnepedHoro cedeHust
coseHonaa $S$, MarHuTHAsI MPOHUIIAEMOCTh MarHETHKA B MOJIOCTH cosieHomaa $\mu$.

4. 3anucarb BBIpaKEHUE IS TUIOTHOCTH SHEPTMH MAarHUTHOT'O TIOJIS B BEIIECTBE C YKa3aHUEM
CMbIcia BceX (PUTypUPYIOLINX B BBIPAKEHUH BETUUHH.

5. 3anmcars ¢popmyiny TomMcoHa JUIs 4aCTOTHI CBOOOAHBIX HE3ATYXAIOUINX AJIEKTPOMAarHUTHBIX
KOJIOaHUH.

6. 3anucath of11ee pelIeHue 3aTyXaluMX KojJeOaHui U yKa3aTh CBA3b (UIYpUPYIOIINX B
BBIPQXEHUH BEJIMYHMH C XapaKTePUCTUKAMH K0JIeOaTeIbHOTO KOHTYpa.

7. 3anmcatk ornpejeseHue JorapupMHUUECKOro JeKPEMEHTa 3aTyXaHUs U €ro CBA3b C

K02 PUIMEeHTOM 3aTyXaHHsI 1 COOCTBEHHOMN 4acTOTOM KOJIeOaHUIA.

8. 3ammcath *3HepreTHuecKoe” ornpeeneHue J00pOTHOCTH KOHTYpa U €€ CBS3b C

K02 PUIMEeHTOM 3aTyXaHHsI 1 COOCTBEHHOMN 4acTOTOM KOJIeOaHUIA.

9. 3anmcarh ypaBHEHUE BBIHYXKIEHHBIX 3JIEKTPOMAarHUTHBIX KOJeOaHHUH ¢ YKa3aHUEM CMbICTIa
burypupyromux B HEM QU3NYECKUX BETUYHH.

10. KauecTBeHHO HApUCOBATH 3aBUCUMOCTH aMIUIUTYbI M (Da3bl BBIHYXAEHHBIX KOJIeOaHuil OT
YacTOThI BHELTHETO MEPEMEHHOTO HAIIPSHKEHHUS.



11. YkazaTp CBA3b XapaKTEPHOU IMTUPHUHBI PE30HAHCHOTO MTHKA ¢ KOA(DPHUITMEHTOM 3aTyXaHusl, a
TakkKe ¢ TOOPOTHOCTHIO KOHTYpA (ABE POPMYIIBI).

12. 3anucaTh BbIpaXEeHUS AJI MHIYKTUBHOTO U EMKOCTHOI'O COIIPOTHBIICHUH € yKa3aHUEM
CMBICTa PUTYPUPYIOMIUX PUINISCKUX BEITUIHH.

13. Kak cBs3aHa peanbHas 3aBUCUMOCTb CUHYCOMJIAJIBHOTO TOKA UM HAIPSKEHUs OT BPEMEHHU C
COOTBETCTBYIOIIECH KOMIUIEKCHOM (pr3nueckoit Bennunnoit? Kak cBs3ana aMrnryna
CHUHYCOUJAJILHOI'O TOKA WJIN HANPSDKEHUS C COOTBETCTBYIOIEH KOMIUIEKCHOH (pu3nueckon
BEITUYUHON?

14. Kak cBs3aHa MOUIHOCTh UCTOYHHMKA CUHYCOUJAIBHOM 3./1.C. C aMIUIMTYIOM 3.]1.C. UICTOYHHUKA,
aMIUTUTYA0H TOKA, MPOTEKAIOIIETO Yepe3 UCTOYHHK, U CABUTOM (ha3bl MEXy TOKOM H 3.11.C.7
15. Yemy paBHa MOIIHOCTb, BBIZIEsIeMas Ha pe3ucTope ¢ conporusnenueM $RS, ecnu gepes
HEro Te4YET MepeMEeHHbI CHHYCOUIANTBHBIN TOK ¢ ammuuTynoi $1_0$?

16. Kak cBs3aHO efCTBYIOlIEE 3HAUEHUE CHHYCOMIAIBHOTO TOKA MM HAPSKEHUS C
AMIUTUTYION COOTBETCTBYIOMIEH (PU3NISCKON BETUIHHBI?

17. 3anucaTh IPOU3BOJIBHYIO NTEPUOANYCCKYIO G YHKIHIO B BUJe psaaa Pypbe (B BEMIECTBEHHOM
WA KOMITJIEKCHOU (hopmax) u BeIpaskeHue 1iist K3 uimeHoB Dypoe.

18. 3anucaTh NPOU3BOJIBHYIO OBICTPO YOBIBAIOIIYIO HA OECKOHEYHOCTH (PYHKIIUIO B BUJIE
uHTerpana Oypoe u BeIpakeHue 1 ko3 duuuentor Oypre.

19. 3anucaTh COOTHOLIEHNE HEONPEAECICHHOCTEN /sl JUIUTEIbHOCTH UMITYJIbCA U €TI0 YaCTOTHI.
20. 3anucath TenerpadHbIe ypaBHEHHUS.

21. 3anucaTh BeIpaXXEHUE AJIS1 CKOPOCTH PacIpOCTPaHEHHsI CUTHANA IO IPOBOJAM Yepe3 EMKOCTh
Y MHIYKTUBHOCTH Ha SMHHUITY JUTHHBI (0€3 3aTyXaHus).

22. 3anucaTh BbIpaXEHUE AJIs1 BOJIHOBOI'O CONPOTUBIICHUS Kabes.

23. 3anucaTh YCJIOBHE PACIIPOCTPAHEHMs CUTHAJIA IO ITPOBOJIAM C 3aTyXaHHUEM, HO 0e3
UCKa)KEHUS.

24. 3anucaTh BelpakeHUs Ui BekTopa [[oMHTHHIa 3JIEKTPOMAarHUTHOTO OJISl B CPEJIE.

25. PaBHOMEPHO 3apsyKEHHAs C JIMHEHHOM TITOTHOCTRIO 3apsaoB $\lambda$ Tonkas 6GeckoHeunas
HUTB JIBUKETCSI co ckopocThio $v§ Bons camoii ceds. Halitu Bextop [loliHTHHTA (BeTHYHHY U
HarpaBJICHUE) B TOUKE HA pacCTOSIHUU $1$ OT HUTH.

26. PaBHOMEpHO 3apspKEHHAst ¢ TIOBEPXHOCTHOM TIOTHOCTRIO 3apsiioB $\sigma$ Tonkast
OeckoHeYHas! MIOCKOCTh JABHMIKETCS cO CKOpocThio $v§ Bromb camoii ceds. Haiitu BekTop
[MoiiHTHHTa (BEIMYMHY W HATPABIICHHUE) B TOUKE Ha paccTosiHuu $X$ oT rutockocty.

27. 3anucaTh BOJTHOBOE ypaBHEHHE JJIS KAKOW-TMO0 U3 KOMIIOHEHT 3JIEKTPUYECKOT0 MU
MarHuTHOTO T0JI B OJHOPOJAHON M30TPONHOU cpefe. JnanexkTpudeckas NpOHUIAEMOCTh CPEJIbI
$\varepsilon$. MaruurtHas nporuaemocts cpeabl $\mus.

28. 3anucaTh BeIpaXXEHUE JJI1 CKOPOCTH PaCIPOCTPAHEHHUS ANEKTPOMAarHuTHBIX BOJIH B CPEIE C
SIEKTPUIECKON U MarHUTHO# npoHunaemoctsiMu $\varepsilon$ u $\mu$ coorercTBeHHO.

29. Kak cBsi3aHbI MOJTYJIA BEKTOPOB HanpspkEHHOCTH 3nekTpuyeckoro ${\bf E}$ u unaykimu
marautHOro ${\bf B}$ moseii B miockoii THHEHHO MOIAPU30BaHHON Oeryiei
AIIEKTPOMAarHuTHOW BOJIHE?

30. Kaxk cBsi3aH 1okasaresb NpeIOMIIEHHS CPEABI C €€ DIIEKTPOMArHUTHBIMU XapaKTepUCTUKaMU?
31. Kak cBsi3an Bektop [loMHTHHTA MJI0CKOM JIMHEWHO TOJIIPU30BAHHON Oeryreit
AJIEKTPOMArHUTHOW BOJIHBI C €€ TUIOTHOCTBIO SHEPTUu?

32. I3BecTHa 3aBUCUMOCTb YaCTOThI OT BOJIHOBOI'O BEKTOPA JUIsl BOJIHBI, pACIIPOCTPAHSIOLIEHCS
B nucnieprupyromieit cpene, $lomega(k)$. 3anucare onpenenenus dazosoit $v$ u rpymnmosoit
$u$ cxopocreii.

33. 13 onpenenenus rpyninoBoi CKOPOCTH, KaK IPOM3BOAHON 4aCTOTHI 110 BOJIHOBOMY YHCITY,
BbIBeCTH (popmyiy Panes.

34. 3anucaTh BbIpaXXeHUE JUIS IIJIa3MEHHOM 4acTOThI. YKa3aTh CMbICT (PUTyPHUPYIOIIUI
buznyecKuil BeIUYUH.

35. 3anmcaTh 3aBUCHMOCTB TTOKa3aTes npeioMieHus mia3Mbl $n$ ot wactorer $\omega$, ecnu
M3BECTHA IJTa3MeHHast gactora $\omega_p$.



36. 3anmcarh BeIpaxkeHue 11 1edaeBckoro paauyca. (Ilmasma cocTouT U3 0THOBAJICHTHBIX
MOHOB). YKa3aTh CMBICI (pUTYpUPYIOLIHH (PU3HUECKUI BETHYUH.

37. 3anmcath BeIpaXEHUE TSI TOJIIIMHBI CKMH-CIIOS B MeTajuIe. YKa3aTh CMBICT (PUTYPUPYIOIIHHA
(bu3nUecKuii BETUIMH.

38. UeMy paBHBI BO3MOKHbBIE 3HAUYEHHUS BOJJHOBOT'O BEKTOPA OJJHOMEPHOU CTOSYEH BOJIHBI,
B030Y/1EHHOI B oOsacTu jmuHbl $L$?

39. Banmcatp 3akoH qucnepcun $\omega(k)$ a1 mpor3BoILHOI BOJHBI, paCIpOCTPaHSIOIIEHCS
BJI0JIb BOJIHOBO/Ia MPSIMOYToJbHOTO ceueHust $a\times b$. BuyTpu BoaHOBOMA BakyyMm. Uemy
paBHa kpuTHyeckas yactora $lomega 08, eciu $a>b$?

40. HaiiTi nepBbie 5 pa3NUYHBIX YaCTOT MOJI JJIEKTPOMArHUTHBIX KOJI€OaHUN BHYTPHU
KyOHUYEeCKOro pe3oHaTopa co ctopoHoit $a$. Buyrpu pezonaropa BakyyM.

IIpuMepHBbIi epeYeHb KOHTPOJIbHBIX BONIPOCOB B OMJIeTax.

1) CraumonapHoe 1ojie KyJIOHOBCKHUX cHJl. HanpspkeHHOCTh M OTEHIMAN 3JIEKTPUYECKOrO MOJIS.
Ennnunet CU u I'C uzmepenust 3IeKTPUUYECKUX BETUUHH.

2) Ilotok u auBepreHuust BekTopHoro mnois. Teopema I'aycca-Octporpajickoro. Beruncinenue
JUBEPreHIUH B IEKapTOBON CUCTEME KOOPIUHAT.

3) 3akon ["aycca B aneKTpocTaTuKE B MHTErpaJibHON U T depeHanbHoi popmax.

4) IlpoBOOHMK B IOCTOSHHOM »3JI€KTpUYecKkoM nojie. IIIoTHOCTh 3apsaa Ha IMOBEPXHOCTH
npoBoaHuKa. [lose B mosocTu NpoBOgHNKA. BHEIIHAA U BHYTPEHHAA DKPAaHUPOBKHU.

5) TlocranoBka oOmiel 3amauyu AJIEKTpocTaTuku. YpaBHeHus Ilyaccona um Jlammaca. Meron
HU300pakKCHU.

6) EMKOCTH IPOBOIHMKOB M CHCTEM NPOBOJHUKOB. KoHpeHcaTopbl. DHEprusi B3auMOJeHCTBUS
3apsA70B. DHEPrus, COCPENOTOYEHHAas B KOHJAEHcarope. IINIOTHOCTh 3HEpPruM 3IEKTPUUECKOTO
HOJIS.

7) Onexktpuyeckuii TOK. Cuia TOKa M IJIOTHOCTh TOKAa. YpaBHEHHE HENPEPhIBHOCTU
anekTpuueckoro Toka. [lepoe npasuno Kupxroda.

8) 3akon Oma Juis OJJHOPOJHOI'O M HEOJHOPOJHOIO yyacTKOB Ienu. JIokaibHas Gopma 3akoHa
Owma. Dnextpoasuxymas cuina (3/1C). Bropoe npasuno Kupxroda.

9) TennoBas MomHOCTh TOKa. 3akoH JDxoyns-JleHna s OAHOPOIHOTO U HEOJIHOPOTHOTO
ydacTkoB 1ienu. JlokanbHas popma 3axoHa J[>xoyns-Jlenna.

10) Cunbl Amnepa. Unnykuus marautHoro noiisi. Cuna Jlopenna. 3akon buo-Caapa-Jlannaca.
Ennauner CU u I'C u3Mepenns MarHuTHBIX BEJIMYHUH.

11) [upkynauuss ¥ poTop BekTopHoro mons. Teopema Ctokca. Bwrumcienue potopa B
JIEKapTOBOM CUCTEME KOOPANHAT.

12) MarHuTHOe MoJie HpsSMOro MPOBOJA. 3aKOH, ONpPENeNSIOIUN HUPKYISIIUI0 MarHUTHOTO
10JIs, B MHTETPpaJIbHON U AuddepeHnnanbHon hopmax.

13) DnexTpudeckuil JUMOJIBbHBIH MOMEHT CUCTeMbI 3apsAoB. [lone numnosns. DHeprus aAumoius B
AIIEKTPUYECKOM I10JI€ U MOMEHT CWJI, IEHCTBYIOMKX Ha aunoiib. Cuia, [eficTByroas Ha AUIONb
B HEOJTHOPOJHOM JJIEKTPUYECKOM IIOJIE.

14) MarauTHbIA JUNOIBHBIA MOMEHT IJIOCKOTO KOHTYpa ¢ TOKOM. MHIyKIIus MarHUTHOTO TOJIA,
CO3/aBa€MOI0 MarHUTHBIM JUIIOJIEM. MOMEHT Cuil, JEMCTBYIOIMX HA MarHUTHBIN JHIONb, U
SHEpPrusi MarHUTHOTO TUMOJS B MarHuTHoM mnose. Cuia, neiicTByronias Ha MarHUTHBIN TUIONb
(paMKy ¢ TOKOM) B HEOJTHOPOIHOM MarHWTHOM IOJIE.

15) IlonsipusyeMocTh aToMOB M MOJIEKYJd. BekTop mosspuzanuu BeliecTBa. DJIEKTPHUECKOE
110JI€ TIOJISIPU30BAHHOIO BellecTBa. [I10THOCTD CBA3aHHBIX 3aps/10B.

16) JlusnexTpuueckas BOCIPUUMYHMBOCTh W JUAJIEKTpUYECKash MPOHUILIAEMOCTb BEIIECTBA.
WNuaykuus snekTpudeckoro nosis. IIIoTHOCTE cBA3aHHBIX 3apsA70B B OHOPOAHOM JUAJIEKTPUKE.
[InoTHOCTL 3apsga Ha TOBEPXHOCTH JUAJIEKTPUKA. OHEPrus dJIEKTPUYECKOTro TMOJs B
JIADJIEKTPUUECKOU Cpeae.



17) Xapakrep HM3MEHEHUS HANPSHKEHHOCTH M MHAYKLIUHM 3JIEKTPUYECKOro MOJsl Ha IpaHMLEe
pazzerna AByX AMAJIEKTPUKOB. DJIEKTPUUYECKOE M10JI€ B OAHOPOJHOM JUAJIEKTPUKE, 3aIIOJIHAIOIIEM
BCE MIPOCTPAHCTBO MEXK/Y IPOBOJHUKAMH CO CBOOOIHBIMHU 3JIEKTPUUECKUMHU 3apsiIaMH.

18) Tunsl marnetuxoB. IloBenenue ¢GeppoMarHeTHKOB, MapaMarHeTHKOB U JHAMAarHETUKOB B
IIOCTOSSHHOM MAarHUTHOM II0jie. BeKTop HaMarHM4eHHOCTH BelecTBa. MarmurHoe IoJe
HaMarHW4YeHHOro BeuecTna. [110THOCTh TOKa HaMarHHYMBaHUS.

19) MaruuTHasi BOCIPUMMYMBOCTD M MarHUTHAs NMPOHULAEMOCTb BellecTBa. HampspkeHHOCTh
MarHuTHOTO mnouid. IIIOTHOCTh TOKa HaMarHMYEHHOCTU B OJHOPOAHOM MarHetuke. IlnoTHocTh
TOKOB Ha IIOBEPXHOCTHM MarHeTHMKOB. PeppomarHeTnku. OcTaToyHas HAMATHUYEHHOCTb U
KOJPLUTUBHAS CHUJIA.

20) XapakTep U3MEHEHUs HaNpsHKEHHOCTH M MHIYKIMM MarHUTHOTO I0JI Ha TpaHMLE pasielia
JByX MarHeTukoB. TOkM HamMarHM4MBaHUS B IPOBOAHMKE C TOKOM. MarHuTHOE IOJ€ B
OIIHOPOJAHOM MAarHETHKE, 3allOJIHAIOIIEM BCE IIPOCTPAHCTBO MEXAY IIPOBOJAHHKAMH CO
CBOOOTHBIMU 3JICKTPUUECKUMHU TOKAMHU.

21) UHayKOMOHHBIA TOK B KOHTYpE, IABHXKYILIEMCS B MOCTOSIHHOM HEOAHOPOAHOM MarHUTHOM
nosie. DJ1C uHAYKIMY.

22) 3aKkoH 3JEKTpPOMAarHUTHOW HHAyKUMU. BuxpeBoe snekrpuueckoe mnone. Ilepas mnapa
ypaBHeHUI MakcBeiuia.

23) BsaumHas uHAYKTUBHOCTh. Teopema B3auMHOCTH. KoadduuueHntr camouHayKuuu
3aMKHYTOT0 KOHTYpa. KaTymku uH1ykTUBHOCTU. THAYKTUBHOCTD IJIMHHOTO COJIEHOUIA.

24) DHeprus, cocpeloTOUYEHHas! B KaTylIKe MHAYKTUBHOCTH. [IJIOTHOCTh SHEPTUHM MarHUTHOIO
OJIA.

25) "Tenerpa¢usie" ypaBHeHUs. UHAYKTUBHOCTh M €MKOCTh Ha €IUHHILY JJIMHBI KOAKCHAIBLHOTIO
kabenss. CKOpOCTh paclpoOCTpaHEHHs] CUTHAJIOB II0 KOAaKCHalbHOMY Kabemo. BosHoBoe
COIIPOTHUBIIEHUE Kales. Y cI0BUEe pacCpOCTPAaHEHUSI CUTHANIOB 0€3 MCKa)KEeHUI.

26) KBa3ucranuoHapHbsie TOKU. VIMrie1aHCc 31€MeHTa ey - CONPOTUBIIEHUS, UHIYKTUBHOCTHU U
emkoctu. [IpaBuna Kupxroda ans nmepeMeHHBIX TOKOB. TeruioBass MOIIHOCTb IMEPEMEHHOIO
TOKa. JeficTByIOIIME 3HaYEHHSI TOKA U HANPSKEHUSI.

27) KonebarenbHblii koHTYp. Yacrora koneOaHuil Toka B KOHType Oe3 3aTyXaHus M C
3aTyxaHueM. JJoOpOTHOCTh KOHTypa. DHepreTuueckuil cmMbica JoOpoTHocTH. [lapameTpuueckue
kosiebanus. Aprokonedanus. ['eneparop Ban nep Ions.

28) BriHyXAeHHbIE AJIEKTpUYecKue KosneOaHusi B KOHType. Pe3oHaHc HampspkeHuil. Bnushue
JOOPOTHOCTH KOHTYpa Ha MIUPHHY PE30HAHCHOM JIMHUK. Pe30HaHC TOKOB.

29) Bropas napa ypaBHeHui MakcBenna

30) VYpaBHenuss MakcBemia B M30TPONHOM AMANIEKTpUYecKoi cpene. IlmoTHOocTh Toka
CBSI3aHHBIX 3apsA10B. SBHBIN BUJ ypaBHeHU B enununax CU u I'C.

31) IInoTHOCTH BHEPruM, IUIOTHOCTh NOTOKa 3Hepruu (Bektop IloWHTHHra) u >Heprus
ANIEKTPOMATHUTHOIO TOJSA B H30TPONHOM JAMDIIEKTpUUYecKoW cpene. HMHrerpanbHas u
muddepenimanbHas GopMbl 3aKOHA U3MEHEHUS SHEPTUU AJIEKTPOMArHUTHOTO T10JIs B BEILIECTBE.
32) Tlnockass aJeKTpOMArHuWTHasT BOJHA B OJHOPOIHOW AMAJIEKTpHUUECKO# cpeme. Yacrora
BOJIHBI, BOJHOBOI BekTop. PazoBast ckopocTh BOJHBI. Ko3hduiuumeHT mperomieHus cpemsl.
ITonepedHocTh M10CKOM BOJHBIL. Bextop [IoMHTHHTrA U1 INTOCKOM BOJIHBL.

33) KpyroBas 1 ainunTudeckas Mosipu3aluy IIOCKON 3JIEKTPOMAarHUTHOM BOJIHBL. Tloasiponibl.
3akoH Maioca. OJHOOCHBIE KPHUCTAJUIBI W JABOWHOE JydenpenomiieHue. llomsipusanmonHas
npusma Huxkouss.

34) OrpaxkeHue U NpeIOMIICHHE IUIOCKON 3JEKTPOMAarHUTHON BOJHBI MPH MPOXOKICHUU
IpaHuIbl ABYX audiekTpudeckux cpeld. TE- u TM-Bosnbl. CBsi3u MeXAy yriamu MaJeHHs,
oTpaxkeHuss u mnpenomieHus. KosdduureHntsl oTpakeHUS U NpOX0xaAeHHUS BOJIH. Dopmyiibl
®penens. Yron bprocrepa.

35) DnexkTpoMarHUTHBIE BOJIHBI B MPOBOASIIMX Cpelax MpU HU3KUX yacToTax. CKuUH-3QQeKT.
['my6uHa NpOHUKHOBEHUSI IEPEMEHHOT0 3JICKTPOMArHUTHOTO T10JIsE B IPOBOJAHHUK.



36) DnekTpoMarHUTHBIE BOJHBI B MPOBOJSAIIMX Cpelax MpH BBICOKMX yacToTax. [lma3zmenHas
yacTtora. J{usnekTpuueckas MPOHUIIAEMOCTh U MOKa3areiab MpesioMiIeHus mia3Mmel. ucnepcus
3JIEKTPOMArHUTHBIX BOJIH B IUIa3Me. DKpaHUPOBKaA 3apsioB B 1uia3me. Panuyc [lebast.

37) DnemeHTapHas TEOpUs ITUCIEPCUHU (3aBUCUMOCTH TOKa3aTelssl MPEIOMIICHUS CpeAbl OT
YaCTOTHl DJICKTPOMArHUTHOW BOJIHBI, PACIPOCTpaHSIONIEHCs B 3ToW cpene). Moxenp 'rasza'
ocunusiTopoB. HopManbHast 1 aHomanbHasg qucnepcuu. JuanekTpruyeckas IPOHULAEMOCTh U
MOKa3aTeb MPEJIOMIICHHUS B IIPeJieie BHICOKUX YacToT.

38) berymme u crosume 3JIEKTpOMAarHUTHbIE BOJHBL. [IpsMoyrosibHble BOJHOBOABL [loie
npocreimield TE-BOJIHBI B BOJHOBOJE NPsIMOYroJIbHOro ceueHusd. Kpuruueckas yacrora
BOJIHOBO/IA.

39) OOBEMHBIN MPIMOYTOJBHBIN pe3oHaTop. CTosune 3JIeKTPOMarHUTHBIC BOJIHBI B PE30HATOPE
(MOZBI 3NEKTpOMAarHuTHOro wu3nydeHust). CoOCTBEHHBIE YACTOTHI pe3oHaropa. YacToTHas
IJIOTHOCTH MOJI.

40) AwmmumrtygHas W QasoBasg  (YacTOTHasg) MOAYIALMK BOJH. Dypbe-pa3noxeHus
nepuoAnYeckux curHanoB. [lojgockl 4acToT, HEOOXOAUMBIE JUIsl IEpeJau 3BYKOBBIX CHUTHAJIOB
IIOCPEACTBOM DJIEKTPOMATHUTHBIX BOJIH.

41) DnexTpoMarHUTHbIE UMMOYJIbChl. Cymeprno3uiuy IUIOCKUX BOJH C ONU3KUMH 4YacTOTaMU
(BOIHOBBIMU uHKciaMM). ['pynmnoBasi cKOpOCTh pacrpocTpaHeHMsl UMIyJbcoB. [lomocel yacror,
HEOOXOauMBIE [UIsl Tepefauyd HMITYJIbCOB KOHEYHOW MpoTskeHHOcTH. COOTHOIIeHHE
HEONpenenEHHOCTH "yacToTa-Bpems'.

42) TemnoBoit u apoOoBoil 1rymbl. Ilpenmenbl  4yBCTBUTENBHOCTH — DIEKTPHUYECKHX
U3MEPUTENIbHBIX TPUOOPOB.

IpuMepHbBIii NepeyeHb 3a1a4 B KOHTPOJILHBIX 32 JaHHSIX.

2 Cemecrp.

3aganue Ne 1.

1. TTo ABYM UIMHHBIM HPSMBIM MPOBOJAM, PACIIOJOKEHHBIM MapajyiebHO HA PACCTOSHHH
$d$ mpyr or apyra, paBHOMEpPHO paclpeieiCHbl Pa3sHOMMEHHBIC 3apsabl C JUHCHHOM
wioTHocThI0 $+\lambda$ u $-\lambda$. Haiitn HampskEHHOCTH DIIEKTPHYECKOrO IOJS B
TOYKE, HaxoJsieics Ha paccrossHud $h$ OT miockocTH, B KOTOpPOH JieKaT MPOBOJA, U
paBHOYIaNEHHO# 0T poBooB. PaccmoTpers mpeaen $d\rightarrow 0$ u $\lambda\rightarrow
\infty$, eciu $d\lambda=\varkappa=const$.

2. Jluck pammycom $RS$ 3apsokeH paBHOMEPHO € IOBEPXHOCTHOHM IuIoTHOCTHIO $\sigma$.
HaiiTi HampsnpKEHHOCTH JJIEKTPUUYECKOTO MOJIS B TOYKE, KOTOpas HAXOJMTCS Ha PACCTOSHHH
$h$ ot amcka Ha MepHEHIMKYISApE, MPOXOMAIIEM Yepe3 LEHTP AHMCKa. PaccMOTpeTh Tarke
npenenbhbie caydan $R\gg h$ u SR\l h$.

3. B paBHOMEpHO 3apspKEHHOM OECKOHEYHOM IUIOCKOM ciioe ToimuHbl $d$ ¢ 0OBEMHOI
IUIOTHOCTHIO 3apsiioB $\rho$ Bripesana chepuueckas monocth. LIEHTp MOJOCTH HAXOAUTCS B
CepeIMHE MEXAY IMOBEPXHOCTSIMH CJIOS, JHAMETP TOJOCTH MeEHbINE TONIIMHBI cios $dS.
Haiitn Hanpspk€HHOCTB AIIEKTPUYECKOro mojisi B mojoctu (3aBucumocti $E x (x,y,2)$, $E y
(x,y,2)$ u $E_z (x,y,2)$, ecnmu Hayamo KOOpPAMHAT MOMEIIEHO B IEHTP TMOJIOCTH, a 0Ch $X$
NEePIEeHIUKYIISIpHA CII010).

4. HaiiThu 3aBUCHMOCTH MOTEHIMAJA 3JIEKTPOCTATUYECKOTO IOJs OT PACCTOSHHUS 10 OCH
OECKOHEUHOT0 PaBHOMEPHO 3apshKeHHOro ImiuHapa paauyca $R$. OO0bEMHas MIOTHOCTH
3apsiioB B nuuHape paBHa $\rho$. TpuusaTs, uro moTeHnuan Ha ocu muwinHApa paseH $0$.
Hapucosats rpaduk moxy4eHHO 3aBUCHUMOCTH.

5. JlniuHHAs MPOBOJSINAs MPOBOJIOKA pajHMyca IOMEepPeYHoro ceueHus $r$ momerneHa B
oxHopoHoe 3nekrpudeckoe moie ${\bf E} 0%, nanpasnennoe Broab ocu $z$ momepék ocu



npoBosoku (ocu $x$). Haiitm mmornocte $\sigma(\varphi)$ pacnpenenenus 3apsima mo
noBepxHocTU mpoBosioku ($\varphi$ -- 310 asumyranbHbIE yrom Mexay HalpaBICHHEM Ha
TOYKY [TOBEPXHOCTH M3 TOYKH Ha OCH IIPOBOJIOKH U OChI0 $z8).

6. Metammueckuii map paaumycom $R 18, Hecymmit 3apsn $QS, nHaxomgurcs BHyTpu
chepruecKOro METaNIMIeCKOro CJIos ¢ BHYTpeHHUM paauycoM $R 28 u BHemHuM paanycom
$R 3% (umentpsl mapa W clos coBHAAarT). HalTh mOTEHIMAN W HANPSHKEHHOCTH
AIIEKTPUYECKOTO TOJISI B 3aBUCHMOCTH OT PACCTOSIHUS OT IeHTpa miapa. Iloctpouts rpaduxu
MOJTYYCHHBIX 3aBHCUMOCTEH. UeMy paBHBI MMOTCHIIUAIBI TIPOBOAHUKOB? YTO H3MEHUTCS, €CIIH
npoBosAKi chepuueckuil cnoit 3azemuuth? HapucoBarh TpaguKH COOTBETCTBYIOIIUX
3aBUCUMOCTEH I ’TOTO HOBOTO CITydasi.

7. BbruCIUTh HANPSHKEHHOCTH DJIEKTPUYECKOTO TMOJIi paBHOMEPHO 3apsbkeHHbIX: (1) mapa
pamuyca $RS$ u (2) GeckoHeuHo# ruracTuHbl ToNmMHBL $h$, ucnons3ys teopemy ['aycca B
nuddepenimanbHoi popme. B 06oux cirydasx o0bEMHasH IIIOTHOCTH 3apsAa0B paBHa $\rho$.

8. B Hauaye KOOpIMHAT PACIOIOKEH dIeKTpudeckuii aumoisb $\bf p$, HanpaBaeHHBIH BAOIb
ocu $x$. BBIUKCINTE MOTOK 3JEKTPHUUECKOTO IMOJIS ATOTO JUIONSA uepe3 Kpyr paauyca $RS,
neprneHauKyIsapabiii ocu $x$, ¢ nerTpom Ha ocu $x$ B Touke $x_0$. OOcymuTh mpenesl
$R\rightarrow 0$ u $R\rightarrom\infty$.

9. Bapsan $q$ Haxomutcs Ha paccrosiHur $R/2$ OT 1EeHTpa TOHKOCTEHHON METaJTMUECKON
u3oaupoBaHHoit chepnr pamuyca $RS. 3apsn chepsr pasen $QS. Haiitu cuny, neiicTByromnyio
Ha 3apsi]], a TAKXKe MOBEPXHOCTHYIO TIOTHOCTH 3apsiIoB Ha cepe B caMoi OJIMKHEH K 3apsity
Y caMOM JTaJibHEH OT 3apsijia TOYKax.

10. Beruucauts auBeprennuio u porop nons ${\bf E}(x,y,z)=(2y,2x+32,3y)$. Ssnsercs nu
9TO moJjie noteHmanbHbiM? Ecnu ia, To Haiitu ero morenuuan $\varphi(x,y,z)$. [IposepuTts,
uro guHeHHbIH naTerpan ot $\bf E$ mexxay npousBonbabiMu Toukamu $AS u $B$ coBmamaer
¢ yosuibto morennuana $\varphi_A-\varphi_BS$.

11. Ha mmockoctu 3amano mome ${\bf E}(X,y)=(axy,b(x"2-y*2))$, rme $a$ u $b$ --
nocrosiHHbie. [Ipn kakoM cooTHomeHHH Mexay moctosHHbIME $a$ u $b$ mome $\bf E$
SBIsiCTCS  TMOTeHIMadbHbIM?  Jlns  Halenusix $a$ wu  $b$ ompenenuts moTeHmman
$\varphi(x,y)$, a Taxxe totHocTh 3apsiaa $\rho(x,y)$, bopmupyrorero sto mose.

12. BBIUUCINUTD JUBEPTESHIMIO U POTOP MOJIS:

$$

{\bf E}xy,2)= (frac{gx}{R"3}\frac{gyH{R"3}.\frac{qz}{R"3}), \hskip 0.5 cm
r=\sqrt{x"2+y"2+z"2}<R,

$$

$$

{\bf E}xy,z2)= - (\frac{ogx}{r"3} \frac{qy}{r 3} \frac{gqz}{r*3}), \hskip 0.5 cm
r=\sqrt{x"2+y"2+z"2}\geq R,

$$

rae $q$ -- mocTosHHas. SIBiseTcs au 3TO MoJie MOTeHIMaNbHbIM? Eciu 1a, TO omnpenenuThb
norennuan $\varphi(x,y)$, a tarke rmmorHocts 3apsga $\rho(x,y)$, dbopmmupyromero sto
noJe.

13. Buyrpu paBHOMepHO 3apsukeHHOU cdepsl paamyca $R$ m mocrosHHOro 3apsiima $Q$
HaxoauTcs mpoBojsmas chepa pamuyca $r<R$ u 3apsma $q$ (uentpsr chep coBmanmaror).
Bapsa $q$ moxer menstees. Haiitu saepruto $W$ cuctemsl B 3aBucumocTH OT 3apsiia $q$.



[Tpu kakom $q$ ta sHEprus MmuHMManbpHa? Kakoii 3apsii ycTaHOBUTCSI HA BHYTPEHHEH cdepe,
eciu e€ 3a3eMJIIuTh?

14. Tlpeamnonoxxum, yto SHeprusi nmokosi snekTpoHa $E 0=mc”2$ ectb He 4TO HMHOE, Kak
SHEPrUsl MEKTPUYECKOro MO MOKOsIerocs 31eKTpoHa. Cuntas 37MeKTpoH chepudecknm,
HalTH paauyc D>JEKTPOHAa IpU JABYX MpeanonoxeHusx: (1) Becb 3apsa  3JIEKTpOHA
pacnpesienéH paBHOMEPHO IO €ro MOBEPXHOCTH; (2) BeCh 3apsja dJEKTPOHA PaBHOMEPHO
pactipeneniéH o ero o0bémy. llomydeHHBIE OTBETHI BBIPAXKAIOTCS 4Yepe3 OJHY U Ty XKe
KOMOHMHAIIMIO MHPOBBIX KOHCTAHT: 3JIEMEHTAapHOro 3apsaa $e$, maccel snmextpona $m$ u
ckopoctu cBera $¢$. Camy 31y komOuHaruio $r 0$ Ha3bIBalOT KIIACCHUECKUM PadyCcoOM
anektpona. Beramcnuts $r 08, ecniu $e=4.8 \cdot 107°{-10}$ CI'CO$ g%, $m=0.91 \cdot
10M{-27}$ r u $c=3 \cdot 10"{10}$ cm/c. B cuyuae, xormga 3apsa pacupeiciaéH 1o
HIOBEPXHOCTH, BEIYMCIUTH TaKXKe JaBJIeHUE (B aTM) U3HYTPU HA TIOBEPXHOCTH JIEKTPOHA.

15. B Oe3rpaHn4HOM IUIOCKOM cioe ToimmHod $2 1§ oO0bEMHAs IUIOTHOCTH 3apsjaa
usmensiercss o 3akony $\rho=\rho_ 0 x/I \hskip 0.5 cm (-I<x<D)$, rae $x$ -- ocs,
NepIICHIUKYIISIPHAS CJIOK0 (HYJIb HAXOJUTCS B CEpEIMHE Clios1). B ciioe nMeeTcst TOHKUiT KaHa
BI0Jb ocH $X$, B KOTOpBI MOMEHIEH TOYCUHBIA AMIONL C Maccoi $m$ u IUMOIBHBIM
momentoM $\bf p$, HamparieHHBIM BIOJb KaHada. BBIUHUCIUTH YaCTOTY MaJbIX KOJICOaHHIt
oISt Bob ocu $x$ (manpasienue momenta $\bf p$ B mporiecce konebanuii He MEHACTCS).

16. Juanekrpudeckuii obpaszen ¢ 3amopoxeHHoW mnossipuzanueii $\bf P$ umeer dopmy
nosioro nuiuHApa ¢ paspezoM. Tommuna crenku wunuaapa $h \ll RS, roe $RS$ -- paguyc
urHapa; mmpuHa paspesa $1\1l hS$. Haiitu snexkrpudeckoe mone $\bf ES u unaykumio $\bf
DS$ B Touke $AS$ u B eHTpe paspesa.

17. dAnsnekrpudeckas miacTuHa ToammHsl $h$ ¢ 3aMopokeHHOM 0JJHOPOAHOH MosIpr3anuei
$\bf P$ momereHa BHYyTph IIOCKOTO KOHICHCATOPA MAapaUIEIbHO €ro 00KIaaKkaM (TLIomma
OOKOBBIX TpaHell IUIACTHHBI PaBHBI IUIOIAAAM OOKJIAJOK) M HE IMPHMBIKACT K HHUM.
Paccrosinne mexay obkimagkamu paBHo $d$ \hskip 0.25 cm $(d>h)$. Bekrtop $\bf P$
NEepPHEeHANKYISIpeH OOKOBBIM TpaHsSM IUTACTHHBI M OOKJIaJAKaM KoHaeHcaTopa. OOKiaaku
coenmuHeHbl mpoBogoM. Haiit HampspkéHHocth $E x(x)$ u  wmHmykumio  $D x(x)$
AIIEKTPUYECKOTO MOl BHYTPU BHE IUIAacTUHBI (och $X$ mepneHamKynspHa IUIaCTHHE WU
HarnpasieHa Boiib Bekropa $\bf P$). Hapucosath rpaduku sTux QyHKIuii.

18. Hampspk€HHOCTH 3JIEKTPUYECKOro IMOoJiE B BaKyyMe BOJM3M IUIOCKOW TMOBEPXHOCTH
OJHOPOJHOTO JHMIJIEKTpUKa ¢ mnpoHuiaeMocteio $\varepsilon$ pasma ${\bf E} 0$ wu
cocraisier yron $\theta$ ¢ Hopmaneio $\bf n$ k moBepxnocTn amanexTpuka. Cuntas mojs
BHYTPH M BHE IHIJEKTpUKa ofHopomHbiMu, Haiti: (1) moroku $\Phi E$ u $\Phi_D$
BekTopoB $\bf ES u $\bf D§ cooTBeTcTBeHHO Uepe3 moBepxHOCTH cdhepsl paauyca SRS, nentp
KOTOpOH JISKUT Ha MOBEPXHOCTH AndekTpuka; (2) nupkymsinuu $C_E$ u $C_DS$ Bekropos
$\bf E$ u $\bf DS cooTBeTCTBEHHO MO MPAMOYTrOJBHOMY KOHTYpPY cO cropoHamu $1 1$ u

$1_28.

3ananue Ne 2

1. Ilnockuit KOHIEHCATOp C KBaJpaTHBIMU OOKJIaJAKaMH (pacCTOSIHHME MEXIy OOKIagKaMu
$d$, maomane kaxmoi oOkmaaku $S$) 3apsbkeH 10 pasHoctu moteHimanoB $V_0$. B
KOHJEHCATOp BJIBUTalOT /O TIOJOBHHBI IUIACTUHY JUAJIEKTPUKAa C TPOHHUIIAEMOCTHIO
$\varepsilon$. Tommmua mnactunsl paBHa $d$. Haitmure cumy, ¢ KoTopoit miacTuHa
BTATUBAETCS B KOHAEHCATOp, eciu (1) mocie 3apsiaiku (M 10 BCTaBKH IUIACTUHBI) KOHAEHCATOP
ObuT OTKJIIOUEH OT OaTapew; (2) mocie 3apsAAKd KOHAEHCATOP OCTAJCS MOJKIIOUEHHBIM K
6arapee ¢ 3.1.c. $V_08.



2. JlBe TIONOBUHKM C(EPUYECKOr0 KOHIEHCATOPA 3allOJHEHbl JHMDICKTPUKAMH  C
npouuraemoctsiMu $\varepsilon 1$ u $\varepsilon 2$ (cxema mpejcraBiieHa Ha PHCYHKE).
Haiitu cuny, neiicTByrollyr0 Ha BHYTpeHHIOIO cdepy. 3aps kongencatopa $QS, paamyc
BuyTpeHHel chepnl SRS.

3. Ilycte $C$ -- 3T0 EMKOCTH CHCTEMBI M3 JBYX MPOBOJHHKOB MPOMU3BOJILHONH (OPMBI,
pa3HECEHHBIX HA HEKOTOPOE pACCTOSIHUE APYr OT [pyra B BaKyyme. 3amojHUM BCE
IPOCTPAHCTBO MEXIY MPOBOJHUKAMU OIHOPOJHON IMPOBOJSIICH CpPElIOi C YACTbHBIM
conporuBienueM $\lambda$. Ilokazath, yro comporuBieHue $RS$ cpensr Toky, Texymemy
Mexay npooxHukamu, pasHo $\rho/(4\pi C)$ (B cucteme CI'CD). Kakoit Oyzner oTBeT, eciu
UCIONb30BaTh eaquHuLel CU?

4. TTo mpoBOAHUKY, UMeIOIIIEMY (hopMy 3sutuIica, Te4eT mocTossHHBIA TOK $1=10$ A. Bonbiias
¥ MaJiasi IOJIyOCH JJUTHIICA PaBHBI cooTBeTCTBeHHO $a=50% cMm, $b=308 cm. Haiiti Mmoaynp u
HarnpasieHue HHAyKiun Mmarautaoro mnoss $\bf B$ B hokyce smurica. YpaBHenue ssuinrica B
noJspHoii cucreme koopaunat umeer Bua: $r(\varphi)=p/(1+e\cos(\varphi))$, rae $p=b"2/a$
-- mapamerp, a $e=\sqrt{1-b"2/a"2}<1$ -- sKkcIEHTPHUCUTET; HAYAIO KOOPIUHAT COBITAJAET C
OJTHUM U3 (DOKYCOB IJLTUIICA.

5. Ilo ocu nosoro mymHHOTO IMuHHAPA (SR 18 1 SR 2§ -- paguycel BHyTpeHHEH U BHEITHEH
MOBEPXHOCTEH IMIIMH/IPA) HATSHYTA 3apsSKCHHAs HUTh, HAa | CM JUIMHBI KOTOPOW MPUXOTUTCS
sapsan $\varkappa=1$ CI'CD$ q$. wmuHap Bpaimaercs BOKPYr CBOCH OCH C YIJIOBOU
ckopoctbio $\0mega=10008 c$"{-1}$ (cxema npejcraBicHa Ha pucyHke). HailTi HHIYKIHIO
marautHoro nojst ${\bf B}(r)$ Bmanmu ot ero TopuoB B mosoctu muimHapa, $r<R_1$, B
Mmarepuasie nwimHapa, $R_1<r<R_2$, u BHe mumunmpa, $r>R_2$ (Ha paccrosuusx $r$ ot
OCH, HEOOJBIIMX MO CPAaBHCHHIO C JUIMHOW IWIMHIpA), B ABYX ciydasx: (1) mumaHmp
METAIMYECKUN, HEeMarHuTHBIN; (2) mumuHap auaiekrpudeckuit ($\varepsilon=3$). Becemnu
s¢deKTaMu, CBI3aHHBIMH C IICHTPOOSKHBIMHU CHIIAMH, MOYKHO IIPEHEOpEYb.

6. PaBHOMepHO 3apshkeHHas ¢ JMHEHHOW moTHOcThi0 $\lambda$ kBagpatHas pamka co
croponoii $1$ Bpamaercs ¢ yriosoit ckopocthio $\bf \omega$ Bokpyr omHOW M3 cTOpOH.
Haiitu maruutHbiit MOMeHT pamku $\bf m$.

7. TIOCTOSHHBI MarHUT M COJICHOHJI BBHITOJHEHBI B BHJE OAMHAKOBBIX IWJIMHAPOB (C
OJIMHAKOBBIMH BBICOTAMH U IONEPEYHBIMU ceueHusiMH). Hamaramuennocts $\bf M$
BEIIIECTBA MOCTOSHHOTO MarHNTa IOCTOSIHHA M HAIpaBJIeHa BJIOJb OCH IMIHHApa. Kakoit Tok
HYKHO IYCTHUTbh 110 COJICHOMJY C TUIOTHOCThIO HAMOTKH $n$ st Toro, utoObl nHAYKIMs $\DF
B$ B mocrosHHOM MarHuWTe M coiieHOMze Oblia oanHakoBoi? HapucoBare (kKauecTBEHHO)
cuoBbie JinHuK nosieit $\bf BS u $\bf H$ m1st mocTossHHOrO Maruura u cosjeHouaa.

8. MHIyKIMs MarHUTHOTO TIONISi B BaKyyme BOJIM3U TUTOCKOW IMOBEPXHOCTH MarHeTHKa C
nponunaemocteto $\mu$ pasna ${\bf B} 08, npuuém Bexrop ${\bf B} 0$ cocrasmsier yroxn
$\theta$ ¢ Hopmansio $\bf n$ k moBepxuoctu (cMm. pucynok). Haiitu: (1) moroku $\Phi_B$ u
$\Phi_HS$ Bextopos $\bf B$ u $\bf H$ uepes moBepxuocts chepnr $S$ paguycom SRS, nientp
KOTOpOU JISKUT Ha moBepxHOcTH MarHetuka; (2) mupkymsaiuu $C B$ u $C_HS$ Bexkropos
$\bf B$ u $\bf HS no kBagparHomy korTypy $\Gamma$ co croponoii $hS$.

9. CepaevHuK, BBIOJHEHHBIN M3 MATKOTO jKejle3a ¢ MarHMUTHOW HpoHHUIaeMoctbio $\mu\gg
1$ B Buze ToHKOTrO KOubila paauyca $RS, paspesan no auamerpy (cM. pucyHok). [TogoBUHKH
cepieuHuka pas3aBuHyThl Ha paccrosaue $L\M1 RS$. Ogue u3 3a3opoB (A) 3aMKHYT
HEeOOJIBIINM MOCTOSHHBIM MarHUTOM B Buje Opycka ainuubl $L$ ¢ Hamaranuennocteio $\bf



MS$, HampaBieHHO#H BIOJb OCH HWIMHIpPA (MOMEPEYHOE CEYCHWE MAarHWTa COBMAJACT C
NIOTIEPEYHBIM CEUEHUEM cepieuHnka). Halitn HanpskEHHOCTD

$\bf H$ u wumngykiumio $\bf B$ marnurHoro mons B apyrom 3azope (B). Paccesnuem
MarHMUTHOTO TIOTOKA IpeHeOpeyb.

10. B miinHHOM BO3AYIIIHOM COJICHOHU/E ¢ paauycoM HamoTKu $R$ u miotHOCThIO BUTKOB $n$
Te4ET TOK, HapacTaloUIMii ¢ OCTOSTHHOM ckopocThio $dI/dt$. Kakoit Oymer dopma critoBeix
auHUi BuxpeBoro siekrpuyeckoro nons $\bf E$? Haittu nanpsokéanocts $E(r)$ Ha
paccrosiaun $r$ (kak MeHbiem, Tak U OosbiieM $RS$, HO MaIOM MO CpPaBHEHHIO C JUTHHOM
coJieHOH 1a) OT ocH cosieHoua. [Toctpouts (kauecTBeHHO) rpaduk SE(1)$.

11. Tlo3uTpoH HauuHaeT ABUraThcst co ckopocthio $v OMI ¢$ B obmactu, rae cosmaHbl
OJHOPOJHBIE, OCTOSHHLIE ¥ B3auMHO mepreHaukyisapasie nois $\bf E$ u $\bf B$ (SEMI
BS). Ckopocts $v_0$ nepnenaukynspHa o6ouM moisM. HalTH TpaeKTOPHIO JBHIKECHHUSI
nosutpona ${\bf r}(t)$, cumras, yro B HavanbHbI MOMeHT BpeMenu $t=0$ on Haxommtcs B
Havasie KoopauHat. [IpuHATE A7 Onpenesi€HHOCTH, YTO BEeKTOp HadayibHOU ckopoctu ${\bf
v} 0% mampasnen Bmoss ocu $x$, Bekrop $\bf E$ -- Baons ocu $y$, a Bexrop $\bf B$ --
B10J1b ocH $z$. HapucoBath Tpaekropuio mis ciydas, koraa $v_0=0$.

12. B mpocreiimeii cxemMeé MarHuTHOrO TIUAPOJAMHAMUYECKOTO TeHEeparopa IUIOCKUMN
KOHJICHCATOP C Iutomaapko miactud $S$ u paccrosauem mexxny Humu $d$ nomemén B moTok
HPOBOMSAIIEH KHIAKOCTH ¢ mpoBoauMocteio $\lambda$, nBmxkyimeiics ¢ MOCTOAHHOM
ckopocthio $\bf V$ mapamiensHo mnactunam. Cuctema HaxoJuTcst B MarHUTHOM monie $\bf
BS, nampaBnenHoM mneprneHaukyssipHo ckopoctd $\bf V$ u mapamnensHO miactuHam
KoHzaeHcaTopa. Haiiti momaocts $W$, xoTopast Oyner BoiaensThes Ha conpotusieHud $R$,
HOJICOCTMHEHHOM K IUIACTHHAM KOHJICHCATOPA.

3 CemecTp.

3amanne Ne 1.

1. Haiitn unaykTuBHOCTH equuuibl aauHel $L'=\Delta L/\Delta x§ aByxmpoBomHO# THHUH
(TenedonHOrO KOOEMNs). Pamuycel mpoBomoB $a$, paccrosHue Mexay ocsmu mpoBoaoB $b$.
BriusiHueM U30711H, @ TAK)KE MATHUTHBIM TTOJIEM BHYTPH IMPOBOJIOB MPEeHEOPEYb.

2. Buytpu ToHKOTO conenonna amuHoi $1=508 cMm ¢ umrciaom ButkoB $N=10000$ u momepék
€ro Ocu pasMmelleHa HeOoJblas IUIOCKasi KaTylka ¢ yuciaoM BUTKOB $n=408 u muromaasio
BuTKOB $S=10$ cM$"2$. 1o BuTKam katymiku Ted€T Tok $I1=1$ A. HaiiTu moTok MarHuTHOro
TOJIsl KATYIIKU, TPOHU3BIBAIOLINN OOMOTKY COJICHOU .

3. IIpsmoyronbhas pamka ABCD u3 TOHKOTO MPOBO/A PACHOIOXKEHA B OJHOHN IJIOCKOCTH C
0OECKOHEUHBIM MPOBOJMOM. bimkHsAs K mpoBoay cropoHa AB, umeromas mamuny $a$,
napajielibHa IPOBOLy M HAXOIUTCS OT Hero Ha paccrosHuu $1>b$, rue $b$ -- mmmna cropon
BC u AD. Ilo mpoBoay teuér Tok $I$. Kakoit 3apsa $Q$ mporeuér mo pamke, eciu pamKy
MIOBEPHYTh Ha MOJI-000pOTa BOKPYr CTOpOHbI AB (Tak uro OJNMKHEW K NMPOBOAY CTaHET
cropona CD)? Conporusienue pamku paBHo $RS.

4. B mpocTpaHCTBE XaOTHYHO paCIpPEIeNICHbl CBEPXIPOBOMIAIINE IapuKH paguyca $r$.
Konnenrpanus $n$ mapukos takosa, yro $nr*3\ll 1$. HaiiTu MarHuTHyO NpoOHHIIAEMOCTh
$\mu$ soit cpepi.

5. CBepXIpoBO/IIee TIIOCKOE KOJbIIO, 0 KoTopoMy TedéT Tok $I1=1$ A, mepenocurcs u3
yaanéHHo# 00acTH B 00J1aCTh OAHOPOAHOTO MarHuTHOro mojist $B 0=100$ I'c. Tlmomans



kormbiia  $S=10 \mbox{cm}"2$. Hopmanap K TIIOCKOCTH KOJbI[A COCTABJSIET YroJ
$\theta_0=60"{\mbox{\small o}}$ c wnampaBreHmem MmarHutHOro mojs. Yemy paBeH
KOX(QQUIIMEHT CaMOMHIYKIIMU KOJIbIA, €CIIM B pE3YyJbTaTe IEPeHOCa TOK B KOJBIIC
oOparuicst B HyJb?

6. B ombitax A.J[. CaxapoBa 1O IOJYyYEHUIO CBEPXCWJIBHBIX MAarHUTHBIX IOJEH
OCYILIECTBIISICTCSI B3PBIBHOE C)KAaTWE LMIMHAPUYECKOTO COJCHOUIA, BHYTPH KOTOPOTO
co3/1aHO MaruuTHoe noje ¢ uaaykuueit $B 0. Haiitu unaykiuro nosst $B$ B conenone B
MOMEHT MakcuManbHoro cxartus, eciu $B=5\cdot 1074$ I'c, HavanbHBIA BHYTPEHHHI
pamuyc coneHouga $R_0=5% cm, pamuyc B MoMeHT makcuManbHOro cxxatus $R=0.5$ cm.
CuuTtatb, 4TO 000J7104Ka, OKpYXKAIOIIasi MArHUTHOE T10JIe, SIBJISIETCS MI€adbHO MPOBOISIICH.
Haiitu Tarxoke naBnenue $P$, HeoOXoaumoe Tst OJyYCHHS TAKOTO CKATHUSI.

7. K wuCTOYHMKY TOCTOSHHOrO Toka ¢ 9d.a.c. $\mathcal{E}$ mnocnenoBarensHo
HOJICOCANHEHBI Jpoccenb (KaTymika) W conporuBieHHe. [loiHOE CONMpOTHBICHUE LEHH
paBHo $RS$. MHIYyKTUBHOCTB Jpocceist ¢ Kele3HbIM cepaeuHukoM paBHa $L 1§, a Oes
cepaeunnka -- $L 28. B Hawame cepaevyHUK ObUT BCTaBJIEH, a IO LENU POTEKA
nocTosiHHbI TOK. B Moment $t=0$ cepumeunuk Obu1 ynan€H 3a Bpemsi, MPEHEOPEIKUMO
Majoe [0 CPaBHEHHUIO C BPEMEHEM YCTAaHOBICHHUS TOKa B Lienu. HalTh 3aBUCHMOCTD CHIIBI
toka ot Bpemenu $1(t)$ mpu $t>08$.

8. B konebarenbHbIl KOHTYp ¢ MHIYKTUBHOCTBIO $L$ m konmencatopom émkoctu $C$
JOTIOJTHUTEIILHO BBE/ICHBI MapajuIebHO MHIYKTHBHOCTH -- compotuBieHue $R$ u mwmon,
COEIUHEHHBIE MOCIEN0BaTENbHO (CXeMa INpeicTaBieHa Ha pucyHke). ComnpoTuBiieHUE
AMoJa B OJHOM HampaBiieHnd MHoro Menbine $R$, a B oOparHOM HampaBieHHH --
OeckoHeuHO Benuko. BHauane konpeHcatop ummeer 3apsa $q 08, a KOHTYp pasoOMKHYT
KJIF0YOM. B HEKOTOpPBIi MOMEHT KIIFOY 3aMBIKAIOT M KOHJICHCATOpP HAYMHACT Pa3psuKaThbCs
4yepe3 MHIYKTHBHOCTh (JMOJ HAa 3TOM JTare OJOKHMPYET MPOTEKaHHE TOKa MapajuieibHO
UHIYKTHBHOCTH). Koraa Tok uepes3 KaTylKy AOCTUTaeT MakCHMAajlbHOI'O 3HAUCHUS, KITHOY
BHOBB pa3MbIkaroT. Kakoii mocie 3Toro npoiaét 3apsa yepe3 conpotupiecHre $R$?

9. Teneparop ¢ OuyeHb MajbIM BHYTPEHHUM COIPOTUBIEHHEM IIOCHUIAET B KOHTYD
NPSIMOYTOJIbHBIM UMITYJIbC HampsDKEHHs (CXeMa IpencTaBiieHa Ha pucyHke). [Ipenebperas
3atyxanueM, Haitu: (1) amurensHocTh uMmmynbca $T 1S, mpu kKoTOpoil B KOHTYpe TOCIe
MpEeKpalIeHus] UMITYJIbCa KOJIeOaHus OTCYTCTBYIOT; (2) umnTenbHOCTh ummyiasca $T 28, mpu
KOTOpOM amMmuTyaa KoneOaHuM HampspKeHUs Ha EMKOCTH TOCie MPEKpalleHus] UMITyJbca
MakcuManbHa. B cmydae (2) HaiiTh 9Ty MakcuMmanpHyro aMmrumatyay $V$ konebanmit
HanpspkeHud. st oboux ciiydaeB HapucoBaTh I'paMKU 3aBUCHMOCTEN TOKA U HaNPSKEHUS
Ha EMKOCTH OT BPEMEHU, HAUMHAsl C MOMEHTA JEHCTBHS IT'€HEepaTopa.

10. Ha 3aMKHYTOM J>KEIIE3HOM CepJIeYHUKE UMeeTcsi 0OMOTKa u3 Ooubinoro uucia $n$
XOpOIIIO TPOBOJSIINX BUTKOB, MPUCOCTUHEHHAS K WCTOYHHWKY CHHYCOWJATBHOW 2.1.C
$\mathcal{E}$. BHe 3Toii 0OMOTKHM HMeEETCS KOJBIO, TaK e (KaKk ¥ BUTKH OOMOTKH)
MPOHM3BIBaeMoOe cepJedHuKOM. COINpPOTHBIIEHHE IPOBO/A, M3 KOTOPOTO HW3TOTOBIECHO
kosbiio, paBHO $R$. Touku A, B u C nmenar 3TO KOJBIO HA TPU paBHBbIC YacTH (cXxema
MpeJICTaBjIeHa Ha PUCYHKe). UTO MOKaKeT YyBCTBUTEIBHBIA aMIIEpMETP TIEPEMEHHOTO TOKa
¢ conporuBneHueM $r$, ecu ero nprcoenuHUTh K ToukaM A u C koJsbia? PaccMoTpeTsh Ba
ciydasi: (1) cepaeyHrK He MPOHU3BIBAET KOHTYp, 0O0pa3oBaHHBIN nyroid AC u mpoBOJIaMu,
BEIYLIUMU K aMIiepMeTpy; (2) cepAeuyHuK IPOHU3BIBAET KOHTYp, oOpa3oBaHHBINA ayroit AC
¥ MPOBOJAMH, BEAYIIMMH K aMrepMmerpy. MHIYKTUBHOCTBIO KOJIBIIA M COCJIMHHUTEIHHBIX
MIPOBOIOB MpeHeOpeub. PaccessHneM MarHUTHOTO MOTOKA B CEPICYHHUKE TOXKE MPEHEOPEUb.



11. Haiitu 3aBucuMocTth TOKa 0T BpemeHu $\mathcal{J}(t)$ (B ycraHOBUBIIEMCS peKrMe) B
nenu, wu300pak€HHOW Ha pucyHke. Ilpm kakoi wactore $\omega$ ammumTyna
YCTaHOBUBILUXCS KoJeOaHWil OyneT MakcuMmalibHa, M HpH Kakod dvactore $\omega$
aMIUTMTYyJa YCTAHOBUBIIMXCS KoJjieOaHUH OymeT MuHMMaibHa? UeMy paBHBI MaKCHMyM H
MHHUMYM aMIUTUTY/IbI TOKA?

12. TocnenoBarenbHo K conmpoTuBicHHO $RS$ moakimrouéH 00K, COCTOSIMMN W3 ABYX
IapajuleIbHO COEAMHEHHBIX BETOK. B 1-i BeTKe Ipyr 3a Apyrom cieayroT CONPOTHBIICHUE
$R 18 wu émxoctp $C 1$. Bo 2-ii BeTke HMEIOTCA MMApaJUICIbHO BKIIOYEHHBIC
uHaAyKkTHBHOCTH $L$ u Emrocts $C$ (cxema npencraBieHa Ha pucyske). Llenb nmoaxioyeHa
K UCTOYHHKY IEPEMEHHOM 3.7.C., MeHsroIeics mo 3akony $\mathcal{E}(t)=\mathcal{E} 0
\c0s"2 \Omega t$. Haiitu Toku $\mathcal{J} 1$ u $\mathcal{J}$, nporekaromue uepes 1-10
U 2-F0 BETKH COOTBETCTBEHHO, €CJIM W3BECTHO, YTO MapaMETPhl IICTH YAOBJICTBOPSIOT
ycinosuio $\Omega”2=1/(4LC)$.

13. KoneOatenbHblii KOHTYp ¢ HMHAYKTUBHOCTHIO $1=1$ I'm moakimouéH K reHepaTopy
NepEeMEHHOr0 HanpspkeHHus. B ciydae pe3oHaHca B KOHTYpE TOJ JCHCTBUEM BHELIHETO
nepeMeHHoro Hampsbkenus: ¢ ammumutynoid $V_0=200$ B ycranaBnuBaeTcsi mepeMEHHBIN
Tok ¢ ammumtynoi $1 0=20$ A. HaiiTu 1o 3TMM JaHHBIM CONPOTHBIICHUE KOHTYpa $R$ n
Bpems 3aryxanus $\tau$ (3a xoropoe amruiuTyna konebanuii ymeHbinaetcs B $e$ pas) B
PEKHME CBOOOIHBIX 3aTYXAIOUIMX KOJICOAHHH.

14. BbicOKOZOOPOTHBIH KOJeOaTENbHBIH KOHTYP (CM. PHCYHOK) BKJIIOYAaeT [BE
MOCJICZI0BATEIbHO COeNMHEHHBIC KaTyiiku ¢ uHayktuBHocTamMu $L 18 u $L 2$. Tlocne
Toro, kak karymky $L 2§ 3ambpIkaloT HaKOpOTKO, 4acToTa COOCTBEHHBIX KOJCOaAHHIA
KOHTYypa He u3Mensiercst. OnpenenuTs Ko3QOUIMeHT B3auMHo#i nHaykuuu $MS.

15. KonebarenbHblil KOHTYp COCTOUT M3 IOCJIEIOBATENbHO COCIUHEHHBIX MHIYKTHUBHOCTH
$L$, comporuBnenus $R$ u Emxoctn $C$. I'paduk mnepuommyeckoil 3aBHCUMOCTH
unnyktuBHocTH $L$ ot Bpemenu $t$ mpencraBnen Ha pucynke. Ilpy kakom 3HauCHHH
€MKOCTH KOJIeO0aTeTbHOTO KOHTYpa BO3MOXKEH MapaMeTpudeckuii pe3onanc? Haiitu
kputnudeckoe 3HaueHne $R_0$ conporusienust KOHTYpa, BbIIIE KOTOPOTO MapaMeTPHUICCKHE
KoneOaHusT He BO30OYKITAIOTCSA. BBINONHUTG 4YHCICHHBIE pacy€Thl Ui 3HAYCHHN
$L_0=4\cdot 10"{-4}$ I', $\Delta L = 4\cdot 10"{-5}$ I, $\tau_0=10"{-6}$ c.

16. RLC-xoHTYp MOAKIIOYEH K UCTOUHHUKY ITEPEMEHHOM 3.J1.C., yacToTa Kotopoir $\omega$
OTNIMYaeTcss OT COOCTBEHHOH uacToThl KOHTypa $\omega 08, mpuuém paccrpoiika
$\Delta\omega=\omega_0-\omega$ OoutbIe [IAPHUHBI PE30HAHCHOM KPHBOI
($\Delta\omega|>\gamma$). 3axumbl TeHepaTopa HAKOPOTKO COEJAWHEHBI MPOBOJOM C
KJIFOUOM (CXeMa MPE/ICTaBJIeHa Ha pUCYHKE). MOHO Jii * packavarh' KojeOaHus B KOHTYpE
NEepUOAMYECKAM 3aMBIKaHHEM M pa3MblkaHueM »Toro kiroua? [lpm kakoil wacrorte
3aMbIKaHUN KIOYa aMIUIMTy/Aa KoJjeOaHui B KOHType Oyner MakcuMmainbHOU? (OTBeThI
MOSICHUTB!)

17. Ha Bxonme KoyebaTelnbHOr0 KOHTYypa (CM. pPHUCYHOK) TMOAAETCS NepuoauvecKas
MOCJIeIOBATEIPHOCT MPSIMOYTOJBHBIX HMMITYJICOB (PHCYHOK a K 3amade 6-1 6-ro
CEMHMHAapa), JJIUTEIBHOCTh KOTOpPHIX B 4 pa3a MeHblIEe BeIWYMHBl nepuonaa. Yacrora
MOBTOPEHHSI HUMITYJIbCOB COBNAJAET C PE30HAHCHOM YacTOTOM KOHTypa. Bruuciuth
OTHOIIEHHUE aMIUIUTY/Ibl BTOPO FapMOHUKH K aMIUIMTY/IE€ IEPBOM Ha BBIXOJI€ KOHTYpa, €CIH
ero qooportHocTh $Q=1008.



18. KakoB cmekTpaibHBIi cocTaB BbIXOAHOro HampsokeHus $V {\mbox {Beix}}$ (T.c.
aMIUTATYBI ¥ (a3bl CIIEKTPAIbHBIX KOMIIOHEHT) B CXeMe, H300paKEHHON HA PUCYHKE, €CITH
00¢ MHIYKTUBHOCTH OJHOBPEMEHHO U3MeHsIOTCs 110 3akony $L=L 0(1+m\cos\Omega t)$?

3aganue Ne 2

1. Ilnockuit KOHAEHCATOP € TUIaCTUHAMU TUIomaau $S$, Haxomsmmmucs Ha paccrosiaun $d$
APYr OTApYra, 3alojHEH CIa0ONPOBOASIIAM JUIJICKTPUKOM C  JTUIJICKTPUYCCKOM
nponunaemocthio $\varepsilon$ u ynensubiM conporusienueM $\rho$. Uepes konnencatop
TeuéT nepemennblit Tok $I1=1_0\cos\omega t$. Haiitu $V_0$ -- ammuryny HanpsokeHus Ha
KOHJICHCATOpE.

2. TTo mpsimomy mipoBoay pamuyca $r$, obmamaromiemy yaeapHbiM comporuBienueM $\rho$,
UAET MOCTOSHHBIA TOK. HalTH HOpManbHYIO cocTaBiistomyiro Bekropa [lodinTuHra $S r$
(00yCIOBIEHHYIO TaHTCHIIMATHHON COCTABJISIFOIICH SJIEKTPHUECKOTO IOJIST) HAa TIOBEPXHOCTH
MPOBOJHKMKA M yKa3aTh HampaplieHue. HaiiTu sHepruto, KoTopas HPOXOJUT B E€AUHHUILY
BPEMEHH 4Yepe3 MOBEPXHOCTh MPOBOJHUKA HA €IMHHUILY €Tr0 JIUHBL Pe3ynbTar cpaBHUTH C
BBIPKEHUEM JIJIs1 MOIITHOCTH, BBIJIEISIEMON Ha PE3UCTOpE.

3. B xoakcuaiapbHOM KaOelie IEHTpabHBIA MPOBOJ UMeeT paauyc $a$, a TOHKas BHEIIHssS
obonouka -- paauyc $b$. Mexay mpoBogoM U 000JOYKOH -- HM30JMPYIOIIAs Cpeaa ¢
JMJIEKTpUYecKor mponumaeMoctbio $\varepsilon$ u marautHo# mponumaemoctsio $\mu$.
Boruuciuts  émkocth  enuHmMibl  aauHbl  kKabens $C'=\Delta C/\Delta x$ B aByx
npubmmxeHusx: (1) TOK paBHOMEPHO pachpenesiéH MO CEYCHHUIO IEHTPAILHOTO MPOBOJIA
(dacToTra TOKa Maia, MO3TOMY CKHUH-3(Q(EKT HECYHIeCTBEHEH); (2) TOK pacmpeneiéH o
MOBEPXHOCTHU I[CHTPAJIBLHOTO MPOBOJIA (YaCTOTAa TOKA TAaK BEJIHMKA, YTO TOJIIMHA CKUH-CIIOS
MaJia TI0 cpaBHEHHUIO ¢ paauycoMm $a$). B3siTb pe3yabTaThl BHIYMCICHUN HHIYKTHUBHOCTH
enuuuipl uiMHbL Kabems $L'=\Delta L/\Delta x$, BbimonHeHHBIX B 3amade 1-1 mepsoro
cemMuHapa. Jlus KaxJoro U3 pPacCMOTPEHHBIX MPUOJMKEHMM HaWTH  CKOPOCTb
pacrpocTpaHeHHsI BOJIH 110 KOAKCHAIBHOMY Ka0EJI0 1 €ro BOJHOBOE CONPOTUBIICHHUE.

4. Ilo pnuHHOMY TUTa3MeHHOMY LmiMHApY pamuyca $R=10$ cm Teuér tok $I=10"5$ A,
COCPEIOTOYCHHBIN B MOBEpXHOCTHOM cioe. JlaBnenune B turazme $P=10"5$ Ila. Haiitu
naenenne $P 0$ Ha OOKOBYIO MOBEPXHOCTH IJIA3MEHHOTO HWJIMHAPA, BO3SHUKAIOIIEE I10J
neiicteuem Toka. Cxkumaercs 1ia3Ma wuiau  pacwmupsierca? Haiftu BenuuuHy TOKAa,
HE00XO0AUMYIO ISl TOTO, YTOOBI PaJHaIbHbIE CUIIbl YPABHOBECHIIUCH.

5. BbIUMCIUTH TPYIIOBYIO CKOpocTh $u$ BOMH, pacmpoCTpaHSIONMXCS B cpeaax C
pa3nuyHBIMK 3akoHamu gucrnepcun: (a) $v=a$ -- wHemmcneprupyromas cpena; (0)
$v=al\lambda$ -- mnomepeunbie BONHBI, Oerymue MO UIMHHOMY CTEpXkHIO; (B)
$v=c\omega/\sqrt{\varepsilon\mu\omega™2 - a2 c"2}$ -- sHeKTPOMArHUTHBLIE BOJIHEI B
PSMOJIMHEHHOM BOJTHOBO/IE, 3aIOJIHCHHOM JUCIIEPTUPYIONIEH CPeIon ¢ AMIIEKTPUISCKON
nponuaemocteio $\varepsilon(\omega)$ u marautHO#N mponunaemocteio $\mu(\omega)$.
3neck $v$ -- daszosas ckopocth; $\lambda$ -- gauna BonHer, $\omega$ -- yacrora BONHBL,
$¢$ -- ckopocTh cBeta; $a$ -- mocTosiHHAS BETMUYKMHA.

6. Tlokazarenp mpenomieHuss $n$ penrreHoBckoro manyueHus ¢ yacroroi $lomega$ B
cpene ompenensiercss (Gopmynoit  $n”2=1-\omega”2_0/\omega™2$, rae $\omega 0$ --
nocrostnHas. Haiitu mpenenbHbiii yroa maaeaus $\alpha$ peHTreHOBCKOTO M3NMydeHHS U3
BO3/JlyXa Ha Cpelly, 32 KOTOPbIM MMEET MECTO SIBJIEHHE MOJIHOIO BHYTPEHHETO OTPA’KEHUS.
Bripaszuths TpynmoByro ckopocTs $u$ peHTreHOBCKOTO M3IY4YeHHUs B Cpefie yepe3 CKOPOCTh
$c$ pacnpocrpanenus uznyuenus B Bakyyme u yroi $\alpha$.



7. B BotHOBOIE KBaIpaTHOTO Ce€YEHHs CO cTopoHor $a=5% cM ¢ MeTanmnyeckuMu CTeHKaMu
B030yKmatoTcst konebanus snekrpudeckoro moist $E x=E 0 \cos 2\pi\nu_0 t$ c¢ gacroroii
$\nu_0=2995% MTI'n; (rose ${\bf E}$ nepnenaukynsipao ocu BoaHOBOAa $z$ 1 mapamiebHO
OJIHOM M3 CTEHOK) (cM. pucyHOK K 3amaue 10-1 cemunapa 10). [Ipu kakoit MUHUMaIbHOU
Y4acToTe aMIUIUTYAHON Moayisinuu $\nu {min}$ B BoiHOBOIE BO3HUKHET Oerymias BoyHa?
Yemy paBHa (a3oBasi CKOPOCTh BOJHBI mpu yactore moayisimuu $\nu=5$ MI'n? Ilpu
BBIYKCIICHUSX 3HAYCHUE CKOPOCTH CBETA OpaTh ¢ TOYHOCTHIO JI0 4-T0 3HAKA.

8. Mommnsiii CBY-reneparop uepe3 BOJIHOBOJ IMUTAET HArpy3Ky, MOChUIas B BOJHOBO/I
momHocTh  $N 0=100$ &Bt. Yacth 3TOi MOIIHOCTH TOIJIOMIACTCS B HArpyske
(SN_{\mbox{u}}=75% kBT), a yacth oTpaxkacrcs. B pe3ynabraTe B BOJHOBOJE BO3HHKAET
CYNEpHO3HULMA NPSIMOM M OTPaKEHHOW BOJH, PaCHpPOCTPAHAIOIIMXCS BO BCTPEYHBIX
HanpaBieHusx. Haiitn xos¢ddumument crosuerd BoiaHbl $k$ B BONHOBOIE, T.€. OTHOIICHHE
MaKCHMaJIbHOW HaIPsLKEHHOCTH 110JIA (B IyYHOCTH) K MUHMMAJIBHOM (B y3II€).

9. T'eneparop 3JEKTPOMAarHMUTHOTO H3JIyueHHUS C uuHOW BoiHBI $\lambda=8$ mMm u
MomrHocThio $N=1§ BT HacTpoeH Ha OCHOBHYIO MOy MPSIMOYTOJBHOI'O PE30HATOpa C
METaLIMYECKUMHU CTeHKamu, 00béM kotoporo $V=0.2 \hskip 2 pt \mbox{cm}"3$ u
nooporaocte $Q=10"3$. Cucrema coenuHeHHsI reHepaTopa U pe3oHaTopa o0ecreyruBacT
[IOJIHOE  MOIJIOLEHUE SHEpPruuM TeHeparopa BHYTpU  pe3oHaTopa. Omnpenenuth
MaKCcUMalibHYI0 HanpskEHHOCTh $E_0$ anekrpuueckoro mossi B pe3oHaToOpe.

10. B mpsimoyrossHOM 00bEMHOM pe3onatope CBU-auanasona co croponamu $a<b<|$
BO30Y)KIAlOT HU3IIYI0 MOy KosiebaHuil. Ilocrme HakomaeHuss B PE30HATOpE IIA3Mbl,
oOpa3ymoleics B pe3yiabTaTe MOHU3AIUU OCTAaBIIETOCs IMOCJIe OTKAuyKH BO3/yXa, 4acToTa
9TOM MOJIBI KojeOaHuil yaBamBaercs. [lo 3TUM JaHHBIM ONpPEAENIUTh KOHIEHTPAIUIO
3JIEKTPOHOB ILJIa3MBl.

11. Haiitn HaumeHnbinyro touuHy $d$ rutacTMHKM KBapiia, BBIPE3aHHOH MapauIeiIbHO
ONTHYECKOW OCH, UTOOBl TAJAONIMN TUIOCKO TOJSPU30BAHHBIA CBET  BBIXOIWII
HOJISIPU30BaHHBIM 110 Kpyry ($n_e=1.5533$, $n_0=1.54428%, $\lambda=5\cdot 10"{-5}$ cm).

12. Cmech cBeTa, NOISIPU30BAHHOTO MO KPYr'y, H €CTECTBEHHOTO PAacCMaTpUBACTCs dyepe3
KPHUCTAJUIMYECKYIO TUIACTUHKY B YETBEPTh BOJIHBI M HUKOJb (ITACTHHBI PACIIONIOKEHBI JIPYT
3a gpyrom). Ilpum BpamieHMH HUKOIS BOKPYT OCH CBETOBOTO ITydyKa HHTEHCHUBHOCTBH
MPOIIE/IIIEro Yepe3 CUCTEMY CBeTa MeHsieTcs. HaiiieHo, 4To MakcuMasbHasi HHTCHCHBHOCTD
B $m=3$ pasza mpeBocxoauT MHHUMaIbHYI0. HaliTH OTHOIICHHE MHTEHCUBHOCTU CBETa
$1_{\mbox {k}}$, monspu3oBaHHOTO MO KPyry, K MHTEHCHBHOCTH ECTECTBCHHOTO CBETa

$1_{\mbox {e}}$.

IIpumepbl 3K3aMeHALMOHHBIX ONJIETOB:

Buaer 1

1) CranmonapHoe 1ose KyJIOHOBCKHMX CHJI. HanpspkeHHOCTh M TOTEHIHAN 3JIEKTPUYECKOT O TOJIS.
Enununer CU u I'C nzmepeHus 31eKTpUUECKUX BEIUYUH.

2) MarHuTHasi BOCIPHUMYHUBOCTD M MarHuTHas MPOHHUIIAEMOCTh BellecTBa. HampspkeHHOCTh
MarHuTHOTO MoJjs. [IIOTHOCTE TOKa HAMAarHWYEHHOCTH B OJHOPOJHOM MarHeTuke. [ImoTHOCTh
TOKOB Ha IIOBEPXHOCTHM MarHeTHKoB. PeppomarHeTnku. OcTaTouyHas HAMArHUYEHHOCTb U
KOJPILUTUBHAS CHJIA.



buier 2

1) 3akon ['aycca B 37eKTpOCTaTHKE B UHTETpabHOM U quddepeHnanbHoi Gpopmax.

2) XapakTep U3MEHEHUsS HalpsHKEeHHOCTU M MHAYKIMM MarHUTHOTO IOJIsl Ha TPaHULE paszena
JIByX MAarHeTHMkoB. TOKM HaMarHW4MBaHUS B TPOBOJAHMKE C TOKOM. MarHuTHOe TmOJe B
OJTHOPOJJHOM MAarHeTUKe, 3aloJIHAIOLIEM BCE MPOCTPAHCTBO MEXAY MPOBOAHUKAMU CO
CBOOOTHBIMU 3JICKTPUYECKUMHU TOKAMHU.

Bbuaer 3

1) ITotok u muBepreHuus BeKTopHOro mojs. Teopema I'aycca-Octporpanckoro. Beraucinenue
JIMBEPreHIIMU B IEKAPTOBOM CHCTEME KOOPIUHAT.

2) UHOyKIMOHHBIM TOK B KOHTYpE, IBHXKYIIEMCS B IOCTOSSHHOM HEOJIHOPOJHOM MAarHUTHOM
nosie. DJ1C uHAYKIMH.

4. Kputepuu oneHuBaHus

Onenka basnbl Kpurepun

10 BricTaBisiercss  CTyACHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TITyOOKue
3HaHUS  y4eOHOM IporpaMMbl  JTUCLMILIMHBI,
IIPOSIBJISIIOIIEMY MHTEpPEC K JAHHOW IIPEIMETHOU
o0nacTd,  NPOJEMOHCTPUPOBABIIEMY  yYMEHHE
YBEPEHHO M TBOPYECKM IPUMEHATH HX Ha
IIPAKTUKE TIpU PELICHUMM KOHKPETHBIX 3ajad,
CBOOOJHOE U IPABUILHOE OOOCHOBAHUE MPUHATHIX
pEIICHU.

9 BeicTaBisgercs  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHUCTEMaTH3UpPOBAaHHbIE, INIyOOKHE
3HaHUS YYEeOHOH MpOorpaMMbl JUCHUIUIMHBI |
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIPU
pelIeHNH KOHKPETHBIX 3aJady, CBOOOJHOE U
IPaBUJIbHOE 0OOCHOBAHUE MPUHATHIX PEIICHU.

OTJINYHO

8 BeIcTaBisercss  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, IIIyOOKHe
3HaHUA Yy4eOHOW MpOrpaMMbl JUCHUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIPU
pElIeHMH  KOHKPETHBIX  3a4ad, IPaBWIBHOE
000CHOBaHME MPUHATHIX PELICHUH, C HEKOTOPBIMU
HEJIOYETaMH.

7 BricTaBisieTcss CTyZlE€HTy, €Cild OH TBEPIO
3HaeT Marepuall, TpPaMOTHO U IO CYIIECTBY
U3JIaraeT €ro, yMeEeT NPHUMEHATH IOJIy4YCHHbIE
3HAHUA HA MPAKTHUKE, HO HEJOCTaTOYHO I'PaMOTHO
000CHOBBIBAET IMOJIyYECHHBIE PE3YIbTATHI.

6 BeIcTaBnsercs CTyIeHTy, €ClIM OH TBEpAO
XOpO1LIO 3HaeT Marepuana, TIpPaMOTHO M II0 CYLIECTBY
W3JIaraeT €ro, yMeeT IPUMEHATHh IOJIyYCHHbIE
3HaHMS Ha IIPAKTUKE, HO JOIYCKAeT B OTBETE UM B
pELIEHUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.

5 BricraBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HA€T Mar€puaia, TIpaMOTHO MW IIO
CYHICCTBY H3Jlaract €ro, YyMECT TMPUMCHATH




MOJIYYCHHBIC 3HAHU HA NPAKTUKE, HO JOITYCKACT B
OTBCTC WJIM B PCIICHHM 3aJa4 JOCTAaTOYHO
00JIBIITIOE KOJIMYSCTBO HETOYHOCTEH.

4 BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
(dbparMeHTapHBbIi, pPa3pO3HEHHBIN Xapaxrep
3HAHUH, HEZ0CTaTOYHO IIPABUJIBHBIC

dbopMynupoBKH 0a30BBIX TOHATHH, HApyLICHUS
JOTUYECKOW TIOCIIeIOBATEIBHOCTH B H3JIOKCHUHU
OpOTPaMMHOTO Marepuajia, HO TMpH OSTOM OH
OCBOMJI OCHOBHBIE pa3zieiibl y4eOHOH MpOorpamMMmel,
HEOOXOAUMBIE UL JajbHeHmero oOydeHHs, |
MOXET TPHUMEHATHh TIOJyYCHHbIE 3HAHUS 10
00pasily B CTaHJaPTHOM CUTYaIUU.

YJIOBJIETBOPUTEIHHO

3 BeicraBisiercss  CTYIEHTY, IOKa3aBLIEMY
(dparMeHTapHBIH, pa3pO3HEHHBII Xapakrep
3HAHUH, JIOITYCKAIOLIEMY OIINOKH B
(dopMynrpoBKax ©0a30BBIX MOHSATHH, HAPYILICHHS
JOTUYECKON IIOCIIEeIOBATEIBHOCTH B H3JIOKCHUHU
OpOrpaMMHOr0  Marepuana, cinabo  Biageer
OCHOBHBIMH ~pa3JiellaMd  y4eOHOH MporpamMMel,
HEOOXOIMMBIMH JUIsl JalbHEHIIero o0y4eHust u C
TPYZAOM TpPHUMEHSET TOJTy4YCHHBIC 3HAHUS NaXKe B
CTaHJapPTHOW CHUTYAIIHH.

2 BeIcTaBisercs CTyIEeHTY, KOTOPBI HE 3HAET
OoJbLIIel YacTH OCHOBHOI'O COJEpKaHHs y4eOHOM
IpOTpaMMbl  TUCHMIUIMHBI, JOMYCKaeT TrpyOble
OlMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh IIOJIyYCHHBIE 3HAHUSA
IIPU PELIECHUHU TUIIOBBIX 3a]1a4.

HEYJIOBJIIETBOPUTEIBHO
1 BricTaBnsieTcs CTyAE€HTY, KOTOPBIA HE 3HAET

OCHOBHOTO COJepXaHHusl y4eOHOM IporpaMmbl
JUCLUIUIMHBL, JIOMycKaeT TrpyoOeimine omuOKd B
¢dopMynupoBKax 0a30BbIX MOHATHH TUCHUIUIMHBI U
BOOOIlE HE MMEET HaBBIKOB PELICHUS THUIIOBBIX
MIPAKTUYECKHX 3ajau.

5. Meroauyeckue MaTepuajibl, ONpeesilOIINe MPOLEAYPHl OLEHUBAHUS 3HAHWIA,
YMEHUi1, HABBIKOB U (MJIM) ONbITA 1eATeIbHOCTH.

[TpoBenenue nugpdepeHIUPOBAHHOIO 3adeTa OCYIIECTBIIAETCS IYTEM OIpOca, OLIEHKA
BKJIIOYAET B ce0sl KpOMe Pe3y/lbTaTOB OMpPOCa, TEKYIIYIO yCIEBAEMOCTb, pPe3yJIbTaThl ClIauM
KOHTPOJIBHBIX M MHBIX pabOT Mpe1yCMOTPEHHBIX HacTosmen nporpaMmoii. [lpu nposenenun
9K3aMeHa oOydaroieMmycs npejaocrasisiercs He MeHee 40 MUHYT Ha MOAroToBKYy. Omnpoc 1o
OwieTy W OTBETHl Ha JIOMOJHUTENbHBIE BONPOCHI HE JIOJDKEH MpeBBIIIATh JBYX
aCTpOHOMHYECKUX 4YacoB. [lo 3aBepuieHMM OTBEJEHHOIO Ha ONPOC BPEMEHH, HK3aMEHATOP
JOJKEH BBICTaBUTh OOYyYarolIeMycsi OLIEHKY B COOTBETCTBHHM C BBIIICIPUBEACHHBIMU
KPUTEPUSAMH.




