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JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos
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cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.
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Bcero gacos: 135, Bcero 3a4. ex.: 3
KonuecTBo KOHTPOIBHBIX paboT, 3a1aHuil: 4

[Iporpammy coctaBuiu:

A.B. lopodeenko, a-p Gus.-mat. HayK, JOLEHT, JOLEHT
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A.A. 3s50n0Bckuii, KaH[. PH3.-MaT. HAyK, JOLEHT

E.C. AnapuaHoB, kaHa. Gu3.-MaT. HayK, JIOIIEHT

3.T. Mycaes, phd (k.(.-M.H.), acCHCTEHT

[Iporpamma obcyxneHa Ha 3acefanuu Kadeapsl Teopetndeckont puzuku 23.05.2020



AHHOTANMA
ITporpamma npegHasHayeHa i CTyA€HTOB 3 Kypca. OHa BKIIOYaeT B ceOsl IJIaH JIEKUUH, peKOMEHIyeMYIo
JUTEPaTypy, CBOAKY OCHOBHBIX (OPMYN, a TakKe 3aJaud Ui PAacCMOTPEHHs Ha CEeMUHapax M Ui
CaMOCTOSTEJILHOTO PELICHUS CTY/ICHTaMH.
B Kypce paccmarpuBaroOTCS OCHOBBI CIICIHAJIBHOW TEOPHH OTHOCHTEIHEHOCTH M TEOPUH DIIEKTPOMATrHHTHBIX
nosiel B cBOOOJHOM ITpOCTpaHCTBE. B mepBoii yacTu Kypca JaeTcsi akcuoMaTuka TeOPHH OTHOCUTEIbHOCTH,
OTKyZla BBIBOAATCS OCHOBHBIC CIICIICTBHS: DPEISATUBUCTCKOE COKpALICHWE [UIMHBI, 3aMEIJICHUE BpPEMEHH,
OTHOCHUTEIBHOCTh OJHOBPEMEHHOCTH, abeppauus cBera. lM3naraiorcsi OCHOBBI TEOPUH TEH30DOB,
HEOOXOAMMBIC [UIi YETHIPEXMEPHOTO ONHMCAHUS pEISATUBUCTCKUX sBiIeHud. Jlanee paccmarpuBaercs
PENATUBUCTCKAs YacTUIIA B CBOOOJHOM MPOCTPAHCTBE U B JIEKTPOMAarHUTHOM 1ojie. PopMymupyercs Teopus
ANIEKTPOMArHUTHOTO TOJS, W3 JCHCTBUS BBIBOAATCS ypaBHEHHs MakcBelUla KaK TPEeXMEpHOM, TaKk U B
YeThIpEXMEpPHOM Buze. Pemiaercss psaj NMPUHLIMIMAIBHBIX 33/a4 TEOPUH TOJISA: PACHPOCTPAHEHHE IUIOCKUX
BOJIH, MYJIBTHIIOJIBHOE PA3JIOKCHUE B AIIEKTPOCTATHKE M MArHUTOCTATHUKE, M3IyYCHHE DIICKTPOMArHHTHBIX
BOJIH B INTIOJIBHOM MPHOIVKEHUN M PETSITUBUCTCKUMHU 3apsilaMH, PaCCEsTHUE IEKTPOMarHUTHBIX BOJIH.
Kypc ocHOBBEIBaeTCst Ha OOIIMX 3HAHUSIX MaTeMaTH4eCKOro aHaiu3a (Teopus (YHKIHMHA OJXHOW M HECKOIBKUX
MEpPEeMEHHBIX, BEKTOp-QYHKIUH, IuddepeHIupoBaHHEe W WHTETPUPOBAHUE ITUX (YHKIUH, BEKTOPHBIC
muddepeHIranbHbIe ONepalii) U TeOpUU TuPepeHINaTBHBIX YpaBHEHHH (YMEHUE peliaTh OCHOBHBIC THITBI
i depeHManbHbIX YpaBHEHUH), U BO MHOTOM OINHUPAeTCs HAa TPEJICTABICHUS M HABBIKM, IPUBHUTHIC
cTyaeHTaM Kadenpoit oouield pu3nku (00IIue 3HAHUS PENIITUBUCTCKOM TEOPHU Y TEOPHH AIIEKTPOMArHUTHOTO
nons). M3nokeHHble pe3ynbTaTbl UCIONB3YIOTCS B JIPYTHUX Kypcax TeopeTHdeckod (pU3MKH: B KBAHTOBOI
MEXaHUKE U CTaTHCTHUYECKOH (hU3MKe, a TaKXKe B psijie KypCcOB IO BEIOOPY.

1. leau u 3apauun

eap AUCUMNIIMHBI

Jare cTyneHTaM 3HaHUS HEOOXOOUMBIE JUISI OMMCAHUS Pa3IMyHBbIX (DU3MYECKUX SIBJICHUH B 00nacTu
NPUIOKEHUN CHELUAIbHON TEOPUH OTHOCHUTEIIBHOCTH, PEJIATHUBUCTCKON MEXaHUKH U KIIACCHYECKOU
MHKPOCKOIMYECKON 3JIEKTPOANHAMHMKHN, M METOMABI MOCTPOEHUS COOTBETCTBYIOIIUX MAaT€MaTHYECKUX
MoJeJiel, II0Ka3aTh COOTBETCTBUE CUCTEMbI IIOCTYJIATOB, IIOJIOXEHHBIX B OCHOBY TEOPHUHU
OTHOCUTENIBHOCTH W  KJIACCUYECKOM DIIEKTPOJWHAMUKH, CYIIECTBYIOIIMM O3KCIIEPUMEHTAIBHBIM
JAHHBIM, YTO MO3BOJIAET CUUTATh TEOPHUIO IOCTOBEPHOW B 00JacTH €€ MPUMEHUMOCTH. JlaTh HaBBIKH,
MO3BOJISIFOIINE MOHATh, KaK aJeKBATHOCTh TEOPETHYECKONM MOAEIH COOTBETCTBYIOIIEMY (PHU3UUYECKOMY
SIBJICHUIO, TaK U €€ Ipeiesbl IPUMEHUMOCTH.

3agauu AU CHUILIHHBI

* l3ydeHue maremMaTudyecKoro amnapara CHelMajJbHON TEOPUM OTHOCHUTEJILHOCTH, PEIIITUBUCTCKOM
MEXAaHHMKH U KJIACCHYECKOW MUKPOCKOIMMYECKOM 31EKTPOAHNHAMHUKH;

*  W3y4YCHUE METOJOB PEIICHHS 3a7a4 PEATUBHCTCKON KWHEMaTHKH M AMHAMHKH M KJIACCHYECKOH
MHUKPOCKOIUYECKON 3JIEKTPOANHAMUKHY;

¢ HU3YYCHHUC METOHOB OIMMCAHUsA CUCTEM 3aPSPKECHHBIX YaCTULl U CO3JaBaA€MbIX UMU IJICKTPOMArHUTHBIX
HOHeﬁ, B TOM 4YHCJIC CUCTEM B3aHMOH€fICTBYIOH1HX C BHCHIHUM J3JICKTPOMAIrHUTHBIM I10JICM,

¢ OBJAaJACHUC CTYACHTAaMU MCTOI0B peHﬂTHBHCTCKOﬁ MCXaHHUKH U KJIaCCHYCCKOH MHKpOCKOHH‘lCCKOﬁ
SJICKTPOAWMHAMUKHU JJI1 ONNMCAHUA CBOICTB Ppa3JIMIHbIX KOHKPETHBIX (1)I/I3I/ILICCI(I/IX CUCTCM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHUS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
KPUTHYECKUH aHaJN3 U CUHTE3 HHpOpPMauK, |OCHCTBUSA MO PELICHUIO 3a1a4l

MPUMEHSATh CUCTEMHBIH MOXOJ TSl PELICHUS
MOCTAaBJICHHBIX 3a7a4

OIIK-1 CniocobeH npuMeHSTh OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh MyTH €€ peIeHUs

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH




[IK-1 Criocobuen mnanupoBath U ipoBoauts  |[IK-1.1  Bmageer  dyHIaMeHTaNbHBIMH  MOHSATHSMU,
Hay4HbI€ SKCTICPUMEHTHI (B U30paHHON 3aKOHAMU U TEOPUSIMHU COBPEMEHHON (HU3NKU

MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHaMTUYECKHE U UMUTAITMOHHEIC)
HCCIICIOBAHMSI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBoeHUS JUCIUIUTHHBI 00y4YaroNInecs JOKHBI

3HaTh:
- llocTynaTel U NPUHLHKIBI CIIEUUANTBHON TEOPUU OTHOCHUTEIBHOCTH, PEISTUBUCTCKOW MEXAHUKH H
KJIACCUUYECKONH MUKPOCKOIMYECKON JIEKTPOAUHAMHUKY, METOJbl OIMCAHUS PEJIATUBUCTCKUX YACTHULl U
CHUCTEM 3apsOKCHHBIX YaCTHL, a TAaKXKe JJIEKTPOMArHUTHOTO MOJsI, CO3JaBaEMOTO 3apsDKEHHBIMHU
YacTULIAMU U B3aUMOJEHCTBYIOLIETO ¢ HUMU;
- OCHOBHBIE YPaBHEHHS M CBOICTBA 3JIEKTPOMAarHUTHOTO TIOJIS;
- OCHOBHBIE METOJbl MAaTEMAaTHYECKOIO ammapara CHEeLHaJbHOW TEOpUH OTHOCUTEIBHOCTH,
PEIIATUBUCTCKOM MEXaHMKH M KJIACCHYECKOM JJIEKTPOAMHAMHKHU: TPEXMEPHYIO TEH30PHYIO aireopy,
BEKTOPHBIN aHaJIN3 U aniapar 4eTbIpeXMEPHbBIX BEKTOPOB U TEH30POB;
- OCHOBHBIE METOJbl PEUICHUS 3a7ad PENIITUBUCTCKOM KMHEMAaTWKH M JUHAMHUKH U KJIACCHYECKOH
MUKPOCKOIIMYECKOM  JIEKTPOAMHAMMKH,  BKJIIOUas  JBW)KEHUE  3apsDKEHHBIX ~ YacTULl B
3JIEKTPOMArHUTHOM I10JI€ M CO3/IaHUE TI0JISl CHCTEMaMHt 3apsHKEHHBIX YaCTHILL;
- MeTOoIbl M CHOCOOBI ONMHUCAHUS M3IYYECHUS SJIEKTPOMArHUTHBIX BOJH CHUCTEMaMHU 3apsKEHHBIX
4acTuly;
- METO[Ibl OIUCAHUS PACCESIHUS IEKTPOMATHUTHBIX BOJIH 3apsSKEHHBIMU YaCTULIAMH.

YMETb:
- Ilonb3oBarbes anmnaparoM TPEXMEPHOIO BEKTOPHOIO aHAJIN3A;
- TIOJB30BaThCA ANNapaToM TPEXMEPHOU TEH30PHOM anredpsl;
- TI0JIb30BaThCs ANNAPATOM YEThIPEXMEPHBIX BEKTOPOB U TEH30POB;
- pemarh KHHEMaTHYECKUE 3a4a41 C YIaCTUEM PEJIATUBUCTCKUX YaCTHII,
- pelmarh 3alauyd O JABWKEHMM PEISATUBUCTCKUX 3apsKEHHBIX 4YacTHUIl B 3aJlaHHOM BHELIHEM
3JIEKTPOMArHUTHOM I10JI€ Pa3INYHON KOH(UTYpaLuy;
- [IPUMEHATh METOJ] MYJBTUIIONBHBIX MOMEHTOB Ul pEUIeHUs 3ajad JIEKTPOCTAaTUKU H
MarHUTOCTaTHKH;
- pelwars 3afadd PO HU3IY4YEHHE IJIEKTPOMArHUTHBIX BOJH CUCTEMaMHU HEPEISITUBUCTCKU
JBIDKYIINXCS 3aPSDKEHHBIX YaCTHUL, UCHONb3YS MYJIBTUIIOIBHBIE MOMEHTHI,
- pelmarh 3ajauyd Ipo H3JIYUYCHHE OJJIEKTPOMATHUTHBIX BOJH PEJIATUBUCTCKU JIBUKYLIMMUCS
3apsHKEHHBIMU YaCTHIIAMHU.

BJIaJICTh:

- OCHOBHBIMH METOJAMH MAaTE€MaTH4ECKOro arapara CIEeUUaIbHONH TEOpHH OTHOCHUTEIBHOCTH,
PEIATUBUCTCKON MEXAHUKU U KJIACCHUUYECKONM MUKPOCKOIIMYECKOU ANEKTPOJAUHAMUKY;

- HaBBIKAMHU TEOPETHUYECKOIO aHalIM3a pEeajbHBIX 3a/ad, CBSI3aHHBIX KaK CO CBOMCTBAMM CHUCTEM
3apsDKEHHBIX 4acTUL], B3aUMOIECHCTBYIOIIMX C 3JEKTPOMAarHUTHBIM II0JIEM, TaK U CO CBOMcTBaMu
CaMoOro NMEKTPOMArHUTHOTO IOJISA, CO3/1aBa€MOT0 3aPsKEHHBIMH YaCTUI[AMHU.

4. Conep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpymoeMKOCTb IO BUJaM YUeOHBIX 3aHATHH, BKIIIOYAS
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr

pabora

1 [IpyHLIMO OTHOCUTENBHOCTH 2 2 3

) YeTsIpexMepHOE TICEBIOCBKITNIOBO ) ) 4

MPOCTPaHCTBO MUHKOBCKOTO.




3 Onucanue HBIDKEHHA CBOOOIHOM 4 4 3
PEJIATUBUCTCKON TOYEYHON YaCTHIIBI.

4 BsaumoneiicTBre 3apsyKeHHBIX YacTHIL C ) 5 4
3JIEKTPOMAarHUTHBIM I10JIEM.

5 Tenzop 3MeKTPOMarHUTHOTO TOJISI. 2 2 3

6 [BrxeHune 3apsHKEHHOU YacCTHULbI 4 ’ 4
BOBHEILIHEM 3JIEKTPOMArHUTHOM TIOJIE.

7 VYpaBHEHUS 3IEKTPOMArHUTHOTO TOJS. 2 3

] DOHeprusi UUMIYIJIbC 3JIEKTPOMATHUTHOTO 5 4
10JIs1. YpaBHEHUS JJIs IOTEHLUAJIOB.

9 DJEeKTPO- U MarHUTOCTaTHKA. 2 2 3

10 CBobonHoe Tore. Heonnoponusie ) ’ 4
BOJIHOBBIC YPaBHEHHUSI.

1 3anazaspIBarome MOTEHIHAIIBL. 4 5 3
W3nydeHue B IUIOJIBHOM NPUOIKEHNH.

12 W3nyuenue ABMXYILUXCSA 3apsloB BHE 4 ) 4
JUIIOJIBHOTO IPUOIMKEHUSL.

13 Peakumst wum3mydeHus u = paccesHue ) 4 3
3JIEKTPOMArHUTHBIX BOJIH.

Nroro yacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 5 (Ocennuii)

1. [IpuHIIT OTHOCUTETHFHOCTH

OnHOPOJHOCTH MPOCTPAHCTBA U OHOPOAHOCTH BPEMEHH, N30TPOIIUS MMPOCTPAHCTBA, HHEPLUAIILHBIC
cucreMbl 0Tcu€Ta. HpI0TOHOBA MEXaHMKA U IPUHLMIT OTHOCUTENbHOCTH ["anunes. [loTeHnmanbsHOCT
cul U jpanpHoneicTBUE. IlocTosHCTBO ckopocTH cBeta. HecoBMECTMMOCTh KOHEUHOCTH CKOPOCTH
paclnpoCcTpaHEHHs B3aMMOJECHCTBHM C NPUHIMIOM OTHOcuTenpHOCTH lamwies. IIpuHuun
OTHOCHUTENBHOCTH DWHIITEHHA. Vi3MeHeHne NpeAcTaBlIeHn O CBOMCTBAX MPOCTPAHCTBA U BPEMEHHU
B pe3yJbTare OIBITOB cO cBeToM. lIpeoOpasoBanus JlopeHIa, MX BBIBOA W CIEACTBHA U3 HUX.
OTHOCUTENBFHOCTD OJJHOBPEMEHHOCTH U MPOMEKYTKOB BpeMEHHU. MBICIICHHBIE OTBITHI IO U3MEPEHUIO
JUINH, IPOMEXYTKOB BPEMEHM U CUHXpOHHU3aLuu 4acoB. CokpallleHue AJIMH, 3aMeUIEHUE BPEMEHU U
COOCTBEHHOE BpeMs. PensiTMBHCTCKOE CIIOXKEHHE CKOPOCTEH M MpeoOpa3oBaHHE HAIPABICHHM.
Addekt npokexTopa. Abepparius cCBera.

2. YeTbIpexMepHOE NICEBIOEBKINI0BO MPOCTPAHCTBO MHUHKOBCKOTO.

JlekapToBbl KOOpAMHATHL. MupoBas Touka (COOBITHE) M MHpOBas JHUHUS. VHTepBaibl MEXIy
COOBITHSIMM KaK Mepa pacCTOSHHS B NpOCTpaHcTBe MuHKOBCKOTo. [IpocTpaHCTBEHHO-TIOZOOHBIE,
BPEMEHHO- TIOJJOOHBIE W HyNeBble HHTepBajbl. CBeTOBON KoHyc. IIpHHIMI NPUYMHHOCTH.
VHBapraHTHOCTh HMHTEpBaJla M TeOMETpUYecKas HWHTeprperanus mnpeodpasoBanuii JlopeHna.
Addunnpie mnpeoOpazoBanus. [lonstue 4-ekropa. CkanspHoe mnpousBefeHue. MeTpuka
YeTBIPEXMEPHOTO TIPOCTpaHCTBAa. KOHTpa- M KOBapuMaHTHOE TIPENCTaBICHUE. 4-TPalUeHT H
4-muBepreHiusl. 4-BEeKTOPBl CKOPOCTH H yCKOpeHWs. KoBapuaHTHOCTh (U3WYECKHX 3aKOHOB
OTHOCHUTENBHO mpeoOpa3oBanus JlopeHna kak mnepedopMyarpoBKa NPUHIKINA OTHOCHTEIBLHOCTH.
BekTopbl 1 TEH30pBI B TPEXMEPHOM IPOCTPAHCTBE.

3. Onucanue IBWXEHUS CBOOOTHOMN PENSITUBUCTCKON TOUSUHOU YaCTHIIBI.



[TonsiTHe TOUYEUHOW 3II€eMEHTAapHOW yacTHIlbl, e€ 4-koopanHaTa M MupoBas juHusI. KoBapuantHas
(¢hopMyIMpOBKa MpPHUHLMIA HAUMEHBIIEro JACHCTBUS B NPOCTPAHCTBE MUHKOBCKOTO, (YHKIUS
Jlarpamxa cBoOoxHOW wacTUmbl. [IpHHIUMI COOTBETCTBUS. DHEPrUsl, MMIYIbC M T'aMWIBTOHHAH
CBOOOJHOM pPEJIATUBUCTCKOM dYacTUIBl. 4-BEKTOp UMITyJdbca. YacTHIBI € HYJIEBOW Maccoil.
VYIbTpapensiTUBUCTCKOE [BM)KEHUE. 3aKOH COXpaHEHHUs 4-UMITylbca 3aMKHYTOH CHCTEMbI Kak
CJICICTBHE OJHOPOAHOCTH MPOCTpaHCTBa-BpeMeHu. JlaboparopHas cucTema U cUcTeMa LEHTpa Macc.
[IpumeHeHne 3akoHa coOXpaHEHHs 4-UMILyJIbCa ISl ONMCAHUS YIPYI'HX CTOJIKHOBEHUH YacTHIL.
OddexktuBHas Macca cucteMbl. Heynpyrue cTonkHOBeHHMS M pacnaabl ¢ 00pa3oBaHHMEM HOBBIX
yacTHll. JledexT macchl A1 COCTaBHBIX

cucreM. [Topor peakiuu. BomHoBo# 4-BekTop. Dddekt Jommnepa.
4. BzaumopeicTBHE 3apsDKEHHBIX YaCTHIL C DJIEKTPOMArHUTHBIM ITOJIEM.

IlonsiTHs 3apsiHa TOYEUHOM JJIEMEHTApHOM 4YacTHIBI M JJEKTPOMAarHUTHOTO IONIA. 4-BEKTOp
[OTEHIMAJl 3JEKTPOMAarHUTHOro mnosid. JleficTBUEe W JlarpaHkuaH Julsl TOYEYHOH 4YacTULbl BO
BHEIIHEM BEKTOP HOM IMoJie. DHeprusi, 00OOIIEHHBIH U KHHEMaTHUYeCKUH UMITYJIbChl. YpaBHEHUE
Jlarpamxka wu cuna Jlopenna. ®@yskims [amwieroHa.  [paamenTtHas — (kanuOpoBOYHAsS)
MHBapHaHTHOCTb. KOBapWaHTHBI BBIBOJ YpaBHEHMs JABW)KCHHS 3apsDKEHHOM 4YacTHIBI B
YEThIPEXMEPHOM BU/JIE. 4-BEKTOP CHUJIBL.

5. TeH30p 3J€KTPOMarHuTHOTO MOJIS.

[Monstne TeH30pa. 4-TEH30pPHI U MX CBOWCTBA. AOCONIOTHO aHTHCUMMETPWUYHBIA M METPUYCCKHI
TeH30pbl. WHBapuaHTHOCTH 4-00beMa. OJNEKTPUUECKOE M MArHUTHOE 0Nl KaK KOMIIOHEHTBI
AHTUCHUMMETPUYHOTO 4-Te€H30pa 3neKTpoMarHuTHoro mois. IIpeoOpazosanme Jlopenma s
noreHuuanos (¢, A) u HanpspkeaHocreit (E, H) u3 ogHo# cucteMsl otcuera B apyryio. MIHBapHaHThI
HOJISL U UX caeAcTBUsA. JlyallbHbIN TEH30p MOJIA.

6. JIBUKeHHE 3apsKEHHON YacTHLIbI BOBHEIIHEM 3JI€KTPOMArHUTHOM II0JIE.

JIBM>xeHHE 3apsKEHHOM 4acTUIbl B IOCTOSIHHBIX OJIHOPOAHBIX JIEKTPUYECKOM M MarHUTHOM IIOJISIX.
Hpeiid B ckpemeHHBIX moisix. CpenHss cuja U CPeAHUHA MOMEHT CHIIBI JUII CUCTEMBI YacTHUI] BO
BHEIIIHHUX CJIA00HEOJHOPOIHBIX MEKTPUUECKOM U MATHUTHOM IOJISIX. DIEKTPUUECKUI M MarHUTHBIH
IUIOJIbHBIE MOMEHTBL. JHEPrusi MarHWTHOIO MOMEHTa BO BHEUIHEM MarHUTHOM IIOJ€E.
I'mpomarnutHoe otHomeHue. Ilpeneccuss MarHUTHOIO MOMEHTa BO BHEIIHEM II0JI€ U TeOopeMa
Jlapmopa. Anmabatuueckuil MHBapHaHT W JBID)KEHHE 3apsDKEHHOM YacTUIBI B ClIa0ONEpeMEHHOM
MarHuTHOM Tone. JIBWKeHHe Beaylero IeHTpa OpOWUTHI M TIOMEPEYHbIH JApeid 3apspKeHHON
YacTUIBI B CIIA0OHEOJHOPOIHOM MarHMTHOM I0JIe. MarHUTHBIE 3epKajia U PUMEPHI OCYIIECTBICHUS
UX B IIPUPOZE U TEXHUKE.

7. YpaBHEHUS AIEKTPOMArHUTHOIO TOJIA.

VYpaBHeHnss MakcBena Kak OOOOIICHHME OMBITHBIX (PAaKTOB M MX BBIBOJ W3 INEPBBIX IMPHUHIIMIIOB.
IlepBas mapa ypaBHeHmii MaxkcBemna. Pacripenenennsie 3apsiapl. Ilepexon oT TOUEUHBIX 3apsAoB K
pacIpeneseHHON CUCTeMe 3apsiioB W TOKOB Hpu nomouy O-pyHkumu. [lnotHocTH 3apsima u Toka
CHUCTEMBl TOYEYHBIX YACTHI. 3aKOH COXPaHEHHUs OJIIEKTPUYECKOTO 3apsiiaa U 3  ypaBHEHHE
HETPEepPHIBHOCTH. 4-BEKTOp IUIOTHOCTH Toka. (DyHKIMOHAN MAEHCTBUA M IUIOTHOCTH (YHKIMH
Jlarpanxa nans anektpomarHuTHoro nons. IlomydeHue BTOpod mapel ypaBHEHME MakcBemna u3
BapHAllMOHHOTO TPHUHIIMIA. YpaBHEHHS MakcBelula B TPEXMEPHOH W dYeThIpeXMEpHOH (opmax.
EnuncTBenHOCTH perienuil ypaBHeHuii Makcsena. CBOMCTBa CHMMETPUH ypaBHEHU MakcBeia.

8. BHCPFI/IH HUUMITYJIBC DJICKTPOMArHUTHOT'O ITOJIA. ypaBHeHI/ISI JUIA IIOTCHIIMAJIOB.



[110THOCTH HEPTWMU TOJNS W BEKTOP IUIOTHOCTH ToToKa dHeprum (Bektop [loitHTmHTa). Bamanc
SHEPIMH CUCTEMBI 3apsDKEHHBIX YACTHULl M SJIEKTPOMArHMTHOTO moiisi. [ImoTHOCTE MMIynbca Mo,
TEH30p IUIOTHOCTH I10TOKAa UMITyJIbCa U TEH30p HalpsbkeHU Makcseiia. bananc uMiynbca cucTeMsl
3apsHKEHHBIX YacTUL M 3JIEKTpOMarHUTHOro moss. IlmotHocts cuiel JlopeHna. 4-TeH30p SHEPruu-
umiynabca. KanuOpoBouHass WHBAPHMAHTHOCTh YPABHEHHM DIEKTPOAWHAMUKH. YPaBHEHHS JUIS
noreHuanoB. Bun ypaBHeHuMid Ui 4-IOTEHIMAJIOB B KYJIOHOBCKOW KanMOpPOBKEe W B KaJHMOpOBKE
Jlopenna. Omneparop JI’AnamGepa. OCHOBHBICE YpaBHEHHUS OJEKTPO-U  MAarHUTOCTATHKH.
DNeKTpoCTaTHYECKUI NOTEHIIMAI TOYEYHOTO 3aps/ia.

9. 3HeKTpO- 1 MarauTocCTaruka.

VYpasuenue [lyaccona u ero pemenne. @ynkuus ['puna ypasaenus [lyaccona. Dnekrpudeckoe moie

CHCTEMbl HETMOIBIDKHBIX 3apsiioB Ha OOJBIIMX pPACCTOSHUAX. MyJBTHIIONBHOE Pa3IOKEHHE
MOTEHIMANOB.  OJIEKTPUUCCKUN  KBAaJIPYHOIbHBIA  MOMEHT. OHEpPrus 3JICKTPOCTATHUYECKOTO
B3aUMOJICHCTBUS U YCTPaHEHUE CAMOJIEHCTBUsI TOYEUHBIX YacTULl. BbIpaskeHue SHEpruu CUCTEMBI
3aps0B BO BHEIIHEM CIaO00OHEOIHOPOIHOM 3JICKTPUUYECKOM I0JI€ Ye€pe3 MYJIBTHIIONBEHBIE MOMEHTHI.
Pemenne ypaBuenus [lyaccoHa st BEKTOPHOTO TMOTEHIIMANA CTAIMOHAPHOM CUCTEMBI TOKOB. 3aKOH
buo—Capapa. MarautHoe 1osie yCpeAHEHHOTO 10 BPEMEHHU CTAllHOHAPHOTO JIBMIKEHUS 3apsoB Ha
OOJIBIINX PACCTOSHHSIX.

10. CroGoanoe nosie. HeomHopoiHbIE BOTHOBBIC YPaBHEHUSI.

OnHOponHBIE BOJTHOBBIE YPAaBHEHHUS Ul TOTCHUIHAIOB CBOOOJHOTO 3JEKTPOMAarHUTHOTO IOJSI B
IIyCTOM IIPOCTPAHCTBE U UX pelueHus. [1nockue MOHOXpOMAaTH4ECKUE IEKTPOMArHUTHbBIE BOJIHBI U
uX nongpusannd. JInHelHasd, Kpyropas U JJUIMITHYECKas NOISpH3AUY. YCPEAHEHHE IO BPEMEHU H
1o mojsipu3anuu. PenieHne HEOJHOPOAHBIX BOJHOBBIX YPaBHEHHMH C MOMOINbBIO (yHKIuH [puna.
Oynkuus [puna B Qypbee-npeacrasinenuu no Bpemend. OyHkinust [puHa BOIHOBOTO ypaBHEHUS U
NPUHIMI TpuuuHHOCTH. Onpenenenue 3anasasiBatomeii Gpynkuun ['puna.

11. 3anazapiBaroniue NOTeHIUANBI. M3ITydeHue B JUIMOIEHOM MPUOIMKEHUH.

3amazapiBaronias u onepexaromas (yHKnud [prHa BOTHOBOTO YpaBHEHWS. 3ama3/ibIBarolne
MOTeHIUANKL. J[umonsHOe TpHOMIKEeHUE, er0 (U3WYECKHA CMBICT U KPUTEPUH TPUMEHUMOCTH.
[Morennumanel monsi W3Ny4deHUss B JumnonbHoM mpuOmmkenuu. [lonms E u H B BomHOBOW U
KBa3UCTAIMOHAPHOW 30HAX. MHTEHCUBHOCTH W3IYUYEHUS B JUIOJIHLHOM NPUOIMKEHUH. YTJIOBOE H
CHEKTPaIbHOE paCTIpeIeTICHUS AUTIOIBHOTO U3TYUEHHS U €T0 MOJspU3allusl.

12. znyueHue QBUKYIIUXCS 3apsiIOB BHE JUIOJILHOTO TPUOIMKEHHS.

[lone B BONMHOBOI 30HE KOJEOMIOIIMXCS MArHUTHOTO JWIOJS M DJICKTPUYECKOTO KBaIpyIOJs.
VHTEeHCHBHOCTh M3JIyuy€HMs] MarHMTHOTO JMIIONSA M 3JIEKTpUYecKoro ksaipynosd. M3zmydenue
PEIATUBUCTCKU-IBMKYIIUXCA vactull. [lorennmansl Jluenapa—Buxepra. ®opmyna Jlapmopa.
CHHXPOTPOHHOE M3IY4YCHHE W €ro IOJIHash WHTEHCHBHOCTb. OlLeHKa IIMHBI (hopMHpOBaHMS,
YITIOBOTO M CIIEKTPAJIBbHOTO PaCHpeneiIeHs] CHHXPOTPOHHOIO M3JIYYEHHsS B YIBTPAPEISITUBUCTCKOM
cilydae.

13. Peakuus u31y4eHus: U paccesiHUE 3JIEKTPOMAarHUTHBIX BOJIH.

Cua paauanoHHOTO TPeHUs. 3aTyXaHHe, BbI3bIBaeMoe n3ilyueHneM. EcrecTBeHHas (Kiaccuueckas)
HIMpUHA CHEKTpajbHON JsvHuM. [Ipenenbl NPUMEHHMOCTH KIIACCHUUYECKOM 3JIEKTPOJUHAMUKM Ha
MaJIbIX PAaCCTOSIHUAX U B CHIIbHBIX moiisix. IloctanoBka 3amaun o paccesnun. Juddepenunansuoe n
MIOJTHOE CEYEHHE PAacCesiHUs MOHOXPOMAaTHUECKOI BOJIHBI Ha 3apsze. PaccesHue cBeta Ha cBOOOIHOM
IeKTpoHE. TOMCOHOBCKOE CEUEHHUE pacCesHHsd M KIACCHUYECKMM paanyc anekTpoHa. [lomgapuzannd
paccessHHOTo cBera. PaccessHue 3JIEKTPOMAarHUTHBIX BOJIH Ha CBA3aHHOM JJIEKTPOHE KakK Ha
OCIIWIIIATOPE C 3aTyXaHueM. Pe3oHaHCHOE paccesiHue.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)
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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-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

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

[IK-1 CriocoOHeH mIaHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHATMTHYECKHUE ¥ IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Bnageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,
3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pU3HKH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC U3YUCHUA TUCHUILIJIMHBI <(TeOpI/I$I TII0JIsI» 06y‘laIOH_II/II>'ICH JOJIKCH:

3HAThb:

- Iloctynarsl 1 mPUHLIUIBI CHEIUATBFHON TEOPUH OTHOCHUTEIBHOCTH, PEIATUBHUCTCKON MEXaHUKU U
KJIACCUYECKOH MHKPOCKOIUYECKON AICKTPOANHAMUKH, METOIBI OMUCAHUS PEISTUBUCTCKUAX YACTHUI[
CHCTEM 3apsDKEHHBIX YacTHIl, a TaKXKe 3JIEKTPOMArHUTHOTO IIOJIs, CO3/1aBa€MOTr0O 3apsKCHHBIMU
YaCTHIAMH U B3aMMOJICHCTBYIOIIETO C HUMH;

- OCHOBHBIC YPAaBHEHHUS M CBOMCTBA 3JI€KTPOMArHUTHOTO TIOJIS;

- OCHOBHBIC METO/IbI MAaTeMaTH4eCKOrO armapara CIEIHaIbHOH TEOPHUH OTHOCHTEIBHOCTH,
PENATUBUCTCKOM MEXaHMKHM M KIACCUYECKOW SJICKTPOAMHAMMKH: TPEXMEPHYIO TEH30pHYIO anreopy,
BEKTOPHBIN aHAJIN3 U alllapaT YeThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- OCHOBHBIC METObI PEIICHHS 337a4 PENATUBHCTCKON KMHEMaTHKH M JUHAMHUKH U KJIACCHYECKOU
MHUKPOCKOIIMYECKOW  DJIEKTPOAMHAMHKH,  BKJIIOYAs  JBIDKCHHE  3apsHKEHHBIX — YacTHI B
3NIEKTPOMArHUTHOM T10JI€ U CO3/1aHHE MO CHCTEMaMH 3apsKCHHBIX YacTHII,

- MeTOIbl M CHOCOOBI OIMUCAHUS HM3IYYCHUS SJIEKTPOMATHUTHBIX BOJIH CHUCTEMaMH 3apshKEHHBIX

YaCTHII;

yMeTh:

MCTO/bI OIMUCaHUA PACCCAHUS JICKTPOMAIrHUTHBIX BOJIH 3apsS’KCHHBIMU YaCTHLIAMU.

- Tlomp30BaThCs anmapaToM TPEXMEPHOTO BEKTOPHOTO aHAIN3a;

- TIOJNB30BaThCA almaparoM TPEXMEPHOU TEH30PHOM anredpsi;

- TIOJIb30BAaThCS AMIapaToM YETHIPEXMEPHBIX BEKTOPOB U TEH30POB;

- peuarh KHHEMaTHYECKUE 3aa41 C YJaCTUEM PEJIATUBUCTCKUX YaCTHLI;

- pemare 3aJadd O JABW)KCHUU PEISATUBHCTCKUX 3apsKEHHBIX YacTUI[ B 3aJ@HHOM BHEIIHEM
ANIEKTPOMArHUTHOM T10JI€ Pa3INYHON KOH(UTYpaIiy;

- NPUMEHATh METOA MYJIBTUIONBHBIX MOMEHTOB JJSi pELIEHUS 3aJad JJIEKTPOCTaTHKH |

MarHuTOCTaTHuKH,

- peuate 3aAa4v PO MUBIYUCHUC OJIICKTPOMAIHUTHBIX BOJH CHCTCMAaMH HCPCIATUBUCTCKU
ABMIKYIIUXCA 3aPsIXKCHHBIX YaCTUIL, UCTIOJIb3Yd MYJIBTUIIOJIBHBIC MOMCHTHI,
- pemarb 3aaa4ud MpO HU3JTYUYCHHUC JJICKTPOMATHUTHBIX BOJH PCIATUBUCTCKU [ABUKYIIUMHUCA

3apsS’KCHHBIMU YaCTULIAMU.
BJIAA€Th:

- OCHOBHBIMH METOAaMU MATEMAaTUYCCKOI'O arimapara CIICIUAIbHOM TCOPUN OTHOCHUTECJIIbHOCTHU,
pCJ'ISITI/IBI/ICTCKOf/'I MCXaHHUKH U KJIACCHYCCKOM MI/IKpOCKOHI/I‘leCKOﬁ QJICKTPOAUHAMUKU

- HaBbIKaMH TCOPETUYCCKOTO aHallh3a pCaJIbHbIX 3aa4, CBA3aHHBIX KaK CO CBOMCTBAMH CHUCTEM
3apsIKCHHBIX YaCTHUII, BBaHMOHeﬁCTBYIOHIHX C DJJICKTPOMArouMTHBIM IIOJIEM, TaK U CO CBOICTBaMH
CaMOT0 IJICKTPOMArHUTHOTI'O I10J1, CO34aBa€MOTI'0 3apsS’KEHHBIMHA YaCTULIAMU.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIIeMy KOHTPOJII0







3. IlepeyeHb THIOBBIX KOHTPOJIBHBIX 33aHUIH, HCNOJAb3yeMbIX /A OLEHKH 3HAHWH,
YMeHHii, HABLIKOB

Jlonyck K »K3aMeHy IPOBOJUTCS IpenoAaBaTesieM [0 uToraM paboThl CTyJIEHTa B CEMECTPE B
cllyyae yCIEUIHOTO OCBOEHMS AMCLUIUIMHBL B cilyyae ecnu CTyAeHT He yCBOWII AUCUUIUIUHY, U
pe3yibTaThl €ro paboThl B CEMECTpE OKa3ajuCh HEYJOBICTBOPUTEIBHBIMH, IPOBOIUTCS
JIONIOJIHUTEIBHBIN ONPOC Ha NPEAMET BbISABICHUS 3HaHUM. J[0MONHUTENBHBIN ONPOC MPOBOIUTCS
B BHJIE TECTOB, COJEPKAHME KOTOPBIX IOJHOCTHIO COOTBETCTBYET COAEPIKAHMIO TECTOBBIX
OIIPOCOB CTYJEHTOB B TEUEHHUE CEMECTPA.

Onenka ypoBHS CTYJEHTOB U JOIyCKa K DK3aMEHY CKJIAAbIBACTCS M3 OLEHOK TPEX IMO3HULIUN:
3HAaHUM, YMEHHUI U HABBIKOB.

3HaHMSI CTYIEHTOB OLIEHUBAIOTCA B pe3yJbTaTe IMPOBEACHMSI EKEHEAEIbHOIr0 OIpoca
npoigeHHoro marepuana. Omnpoc NpoBOAMTCA B NHCbMEHHOW (opme B BHUIE TECTOBBIX
BOIpocoB. [IprMep TECTOBBIX BOIIPOCOB MPUBEIEH HUXKE.

VYMeHHUsI U HaBBIKM CTYACHTOB ONPENEISAIOTCS MO UTOraM CJadyM JOMAalllHMX 3afaHuil. Bcero
CTyJIEHTaM IIpejajaraercs JBa JOMAalIHUX 3aJaHusl. 3aJlaHue COAEPXKUT TpPU TUNA 3anad U
yrnpaxHeHui. TUnoBble 3a7jaui U ypaKHEHUs pa3OuparOTCsl Ha CEMUHAPCKUX (TPAKTUYECKUX )
3aHATUAX. AHAJOTUYHBIE 33/1a4d M YIPAKHEHUS CTYACHTHI JIOJDKHBI PEIIUTh CAMOCTOSITEIBHO,
UCIIOJIb3Ysl PEKOMEHAOBaHHYIO IuTepatypy. Kpome Toro, cryeHTamM npeajiaratorcs CrelalbHO
IIOMEUEHHBIE 33/1a4d IMOBBILIEHHON CIOKHOCTU. PemieHne Takux 3ajgad TpeOyeT OT CTyJAEHTa
HABBIKOB U MPEJICTABISET COOOM OLIEHKY HABBIKOB PEIICHHUS 33124 MOBBIIIEHHOM CI0KHOCTH.
HaBbiku CTyZeHTOB MNpOBEPSIOTCS B PE3yNbTaTe PEIICHUS KOHTPOJIBHBIX pPabOT, KOTOpPHIE
MPOBOJATCS BO BpeMs ayJUTOPHbIX 3aHATHH. 3aJayd aHaJOTMYHbl TUIIOBBIM 3ajJadaMm,
BKJIIOYCHHBIM B JIOMAIIHUE 33JIaHUsI, KaK pacCMAaTPUBAEMbIM Ha CEMUHAPCKHUX (MPAKTHUUYECKUX )
3aHATHUAX, TaK U MPEJUIaraéMbIM Ui CAMOCTOSTEIHHOTO pelIeHus. 3alaHusl KOHTPOJIBHBIX paboT
OLICHEHBI B OIPENIEICHHYI0 CYMMY 0aJUIOB, YTO MO3BOJISIET OICHUTh YPOBEHb YMEHHS U HABBIKOB
CTYJICHTOB.

Bormpocsl, BKIIOYEHHBIE B TECTOBBIE OIPOCHI, OXBATHIBAIOT OCHOBHBIEC IIOHATHUS, PACCMOTPEHHBIE
Ha IIpeabIayIen JEKIHH.

[Tprmep BOIPOCOB TECTOBOTO 3a/1aHUS:

1. Kak onpenensercs AyanbHbI TEH30p 3JIEKTpoMarHUTHOro noiisi? Kak oH BeIpakaercs depes
nonst E u H?

2. Kakne nHBapuaHThl MO)KHO COCTaBHTh M3 TEH30PA JIEKTPOMArHUTHOTO MMOJIsA? 3aluIInuTe X B
YeThIPEXMEPHOM U TpeXMepHOil popmax.

3. IIpn kakux ycIOBHAX BHIOOPOM TMOAXOMAIICH CHCTEMBI OTCYETa MOKHO 3aHYJIUTh MarHUTHOE
noje (B 3agaHHOM Touke)? UeMy paBHAa CKOPOCTb 3TOW CHCTEMbl OTCYETAa OTHOCUTEIHHO
HCXOJIHOM CUCTEMBI OTCYETa, B KOTOPOH B 3TOM Touke mmetorcs oist E u H?

4. Tlpu Kakux YCIOBHUSIX BBIOOPOM NOAXOAALIEH CHUCTEMBI OTCYETa MOXKHO 3aHYIUTh
alieKTpudeckoe mojie (B 3agaHHOW Touke)? Yemy paBHa CKOpPOCTh ITOH CHCTEMBbI OTCUETa
OTHOCHTEJILHO HCXOJHOM CUCTEMBI OTCYETa, B KOTOPO B 3TOH Touke umerorcs noist E u H?

5. Uemy paBHBI uacTOTa BpallleHUS M paauyc OpOUTHI NpPHU ABUKEHUM DPEISATUBUCTCKOM
3apsUKCHHOM 4YacTULBl C 3aJaHHOW JHEPrued B IIOCTOSHHOM BO BPEMEHU U OJHOPOIHOM
MarHuTHOM 1moJie?

6. Uemy paBHa CKOpOCTH JApeiia HEpeIsITUBUCTCKOW 3apsHKEHHOM 4YacTHUIBl B CKPEIIEHHBIX
OJIHOPOJAHBIX IEKTPUYECKOM U MAarHUTHOM MOJSX?

7. JlaliTe onpeneneHue 3JIeKTPUIeCKOro TUIOILHOIO MOMEHTA CUCTEMBI 3aps/I0B.



8. BanmummMre cuily ¥ MOMEHT CHIIbI, JEHCTBYIOIIME HAa HEUTPAIbHYIO CHCTEMY 3apsKEHHBIX
YaCTHUIl B CIIA00HEOAHOPOTHOM IJICKTPUUECKOM IIOJIC.

9. Jlalite omnpeneneHWe MarHUTHOTO MOMEHTa CHUCTEMBI  3apsijioB, COBEPILAIOIINX
KBa3UCTAIIMOHAPHOE PUHUTHOE JIBFKCHUE.

10. 3anumuTe CpPeAHIO CUIYy U CpPEAHHM MOMEHT CHIIbI, JEHCTBYIOIIME HA CHUCTEMY
3apsKEHHBIX YaCTHUIL B CJIA00HEOTHOPOJHOM MAarHUTHOM I10JI€.

[Tpumep KOHTPOJIBHOI pabOTHI:

. o O ~ .
3apaua 1 (8). Ilonb3ysice mensoprot anreOpou, BEIYUCIUTH FOt| 8 X —- |, rie @ — MOCTOSHHBI
r

BEKTOp U [ - paguyc-BEKTOD.

3anaua 2 (7). Onpenenuts NOPOTOBYIO SHEPTUIO peakuu P+ P —> P+ P +7° B cucreme
OTCYETa, I/Ie OJIMH U3 HaYaJIbHBIX IPOTOHOB TOKOUTCS.

3anaua 3 (10). PensiTuBrCTCKAst YacTUIA ABUKETCS B APAJLICIBHBIX U TOCTOSTHHBIX
9JIEKTPHUECKOM M MarHuTHOM ojsx E u H, mpuuem (E || H || ocu ). Ipu t = 0 yacTuma
HAXOJMJIaCh B HaYalle KOOPIUHAT, 00J1a1ast UMITYJIbcoM Po = (Pox, Poy, Poz). Beimucars TeH30p
3JIEKTPOMArHUTHOTO TOJIsI B pAaCCMAaTPUBAEMOI T€OMETPHUH U, MOJIb3YSACh KOBAPHAHTHBIM
ypaBHEHUEM JIBUKCHUS YaCTHIIbI, ONPEICTUTh 3aBUCUMOCTD t(7) BpeMeHu t B 1abopaTopHOi
CHCTEME OTCUeTa OT COOCTBEHHOro BpeMeHH 4yacTuibl 7, cuntas t(0) = 0.

, -
3anaua 4 (25). B cucreme K' nmeercs oqHoposHOE deKTpHUECKOE HONE E' = (E, 0, 0),
HaMpaBJICHHOE 110 OCH X', OMKMCHIBAEMOE CKASIPHBIM U BEKTOPHBIM MTOTCHI[HAIAMH

Q' ', x,y,z) =0, A'(t", X",y 2) = (-cEt’, 0, 0). Cucrema K' memxercs orHOCHTENBHO
cucreMsl K co ckopocTsio V BIOJIb OCH X, COBNajaromieii ¢ ocbio X' . Onpenenurs

(@) (6) norenumansl @t, X Y, Z) u A (t, X, y, 2) B cucreme K uepes nepemennsie (i, X, Y, Z)
cucreMmsl K,
(b) (7) snexkrpudeckoe u MarHuTHOE mosie B cucrteme K,

(¢) (12) a Taxke mokasark, 4To TpuxoBanusie [ @' (t,X,y,z) =0, A (t,x,y,z) =

= (-cEt, 0, 0) ] u nemrpuxoBanusie [¢(t, Xy, 2) u A(t, X, Y, Z) ] HOTEeHIHMAIBI,
paccmampusaemvle meneps Kak QyHKyuu 00Hux u mex sce nepemennvix (t, X, Y, Z) eouroi
cucmemvl omciema, CBsI3aHbl MEXAY cO00M KaIMOPOBOUHBIM NpeoOpa3oBaHUEM, U HAUTH
dyukmio ¥ (t, X, Y, Z) KaTMOPOBOYHOTO MPEe0OPa30BAHUS OT IITPUXOBAHHBIX MOTESHIIMAIOB K
HEIITPUXOBAHHBIM.

Kaxnas 3amaua KOHTpOJIbHON pabOThI OLIEHEHA B OINPEEIEHHYI0 CyMMY 0ajllIoB B 3aBUCHMOCTH
OT CJOXXHOCTH W YpOBHS (3HaHMs, yMeHHMs M HaBblku). [lomHas cymma OamioB mpumepa
KOHTPOJIbHOH paboTsl paBHa 50.

KonkperHsle ycnoBusi Habopa 0amioB 3a paboTy B C€MeCTpe MOTYT 3aBHCETh OT JIEKIIMOHHOTO
IOTOKA U ONPENENAI0TCs JIEKTOpoM. OOLIMM 0CTaeTCsl CIeLyIOLee IPABUIIO.

B TeueHue cemectpa cTyneHT HaOupaeT cyMMy OauIOB MO pe3yibTaTaM TECTOBBIX ONPOCOB
(manpumep, 50 GanoB), Mo pe3yibTaTaM coadu JBYX 3aAaHuil (Hampumep 80 OayioB) U 1o
pe3yibTaTtaM JBYX KOHTpOJIbHBIX (Hampumep, 100 GamioB). Kpome Toro 3a pemieHue 3agad
MOBBILICHHONW CIIO)KHOCTH JOMAITHETO 3a/JaHus CTYIEHT MOXKeT HalOpaTh mNpemMHualbHble (
O6oHycHBIE) Oayutbl o BYM 3agaHusM (Hanpumep, 30 OamoB). [lomHbli Oann oueHuBaeTcs B
JaHHoM ciydae cymmont 230 GamwoB. Ilo pesympTaTam UTOTOBOTO PEHTHHTA CTYIEHT MOXET
HaOpaTh HEKOTOPYIO CYMMY, KOTOpast OLIEHUBAETCs B % OTHOCUTENBHO MOJHOTO Oasuia.



Onenka 3a paboOTy B CEMECTpPE BBICTABJISETCS B COOTBETCTBHUU CO CXEMOMW, NMPUBEICHHON B
cnenyromemM pasaene. CTyIeHT IOMYyCKaeTcs K dK3aMEHY MU YCIOBUU CHAYd JBYX 3aJlaHUN U
OIICHKH 3a paboTy B ceMecTpe paBHOM win OoJbiiei 3 (1Mo AecATHOATBHON IITKAJIE)

HtoroBas sk3aMeHallMOHHAs OIICHKA BBICTABIIAETCS CTYACHTY C Y4€TOM OLIEHKU €ro paboThl B
cemecTpe. DK3aMeH MPOBOJAUTCS B YCTHOU opme. DK3aMEeHAIIMOHHBIE OUJIETHI MOTYT COJEPKATh
HapsIly ¢ TEOPETUYECKUMU BOMPOCAMHU Takke U 3a1aun. Gopma Ouiiera onpeaesnsercs JIEKTOPOM
¥ 3aBUCHT OT JICKIIMOHHOTO MOTOKA. THIOBBIC 3a/ladyll MOTYT JIaBaThCsA Takke U B Qopme
JOTIOTHUTEJILHBIX BOIIPOCOB K OmiieTy. OTBET cTyeHTa olieHuBaeTcs 1o 10-0anibHoil mKare.

Tunuunas ¢opma Oumiera cofep UT 3 TeopeTHdeckux Bompoca. [Ipumep TunudHoN (Gopmbl
Ousiera U3 TpeX BOMPOCOB MPUBEICH HUXKE!

1. Tensop aneKTpoMarHUTHOrO NoJisl. MIHBapuaHThI 110JIs U UX ciencTBus. JlyanbHbIi TEH30p.

2. bajiaHC SHEpruM CUCTEMBI 3apsHKEHHBIX YaCTUL] M AJIEKTPOMarHuTHoro nosst. [lnotHocTs n
IIOTOK HEPTUU NIEKTPOMArHUTHOTO OJIA.

3. Cuna paguanvoHHoro TpeHus. Ilpeaensl NpUMEHMMOCTH KIaCCHYECKOM 3JeKTPOIMHAMUKH Ha
MaJIbIX PACCTOSHMAX U B CHIIBHBIX IOJIAX.

4. Kputepuu oueHUBaHUS
4a. Kputepuu oneHnBaHus (OlleHKa 32 padoTy B ceMecTpe)

OreHka HaGpannbie 6amb

otiinyHo (10) 6omee 90%
orianyHo (9) ot 80% 10 90% BKIIIOYNTETHHO
xopoto (8) ot 70% 1o 80% BKJIFOUUTEIHLHO
xopotio (7) oT 60% 110 70% BKJIHOYUTEIHHO
xopoto (6) oT 50% 10 60% BKJIFOUUTEIBLHO
YAOBJIETBOPUTENHHO (5) oT 40% 110 50% BKJIHOYUTEIHHO
YAOBJIETBOPUTENHHO (4) oT 30% 1o 40% BKJIIOUUTEITEHO
yJIOBJIETBOPHUTENHHO (3) oT 20% 10 30% BKJIFOUUTEIHEHO

HeynoBIeTBOpUTENbHO (2) | He monmydeHa yaoBieTBOpUTEIbHAS OIIEHKA B IIEPUOJ]
3aueTHOU ceccur. TpedyeTcs JOMONMHUTETbHOE
TECTUPOBAHUE

CryneHTsl, MOTy4YuBIIME 3a paboOTy B ceMecTpe K Hadally dK3aMEHAIMOHHOW CECCHHU OICHKY
«HEyHOBIETBOPUTENbHO» (MeHee 20% ycBOGHHsI MaTepualia), WM He CIaBIIMe 00a 3aJaHus,
CUMTAIOTCS HE YCBOMBIIMMH MaTe€pHal U HE BBIOJHUBIIUMHU 33JlaHUS Kypca, TMOITOMY K
HK3aMEHY HE JI0IyCKaKTCs.

46. Kputepum onnennBanus (3K3aMeH)

HToroBast olileHKa Ha K3aMEHE BBICTABIISIETCS] B COOTBETCTBUU CO CXEMOM:

Onenka baiel Kpurepun

10 10 6aToB 3a SK3aMEH U OIIEHKA 3a paboTy B ceMecTpe He
HUXeE 8.
9 6asoB 3a 5k3ameH U 10 6asioB 3a paboTy B ceMecTpe

9 9 GannoB 3a 9K3aMeH U OIleHKa 3a paboTy B ceMecTpe He
OT1nu4HO HIDKE 8.

8 8 OayTOB 3a SK3aMEH U OIIEHKA 3a paboTy B ceMecTpe He
HUXeE 6.

7 6anoB 3a 9k3aMeH U Oosiee 8 6ayioB 3a paboTy B
cemMecTpe




7 7 GaiioB 3a 9K3aMeH U OICHKa 3a paboTy B CeMeCTpe He
HUXKeE 5.
6 6ayuI0B 3a 9K3aMeH U Oojee 8§ 6ayuIoB 3a paboTy B
ceMecTpe
6 6 6aJUIOB 3a 9K3aMEH U OICHKa 3a paboTy B cemecTpe He
Xopomuio
HUXKE 5.
5 6am1oB 3a 9K3aMeH U Oojee 7 6ayuIoB 3a paboTy B
ceMecTpe
5 5 GayIoB 3a 9K3aMeH U OIeHKa 3a paboTy B ceMecTpe He
HIUKe 3.
4 4 Gaya 3a HK3aMeH M OIIEHKa 3a paboTy B CEMeCTpe He
YJIOBJIETBOPUTEIHHO HIDKE 3.
3 3 Gasuia 3a 9K3aMeH U OlIeHKa 3a paboTy B cemectpe 3.
HEy/I0BIETBOPHUTEIILHO 2 2 Oayta 3a 9K3aMEH M OIICHKa 3a paboTy B cemecTpe 3.
1 1 Gayut 3a K3aMeH M OlleHKa 3a paboTy B cemecTpe 3.

5. MeTtoauyeckue MaTepuaJibl, onpee/siomue nNpouelypbl OeHNBAHUS 3HAHWA, YMeHHId,
HABBIKOB M (WJIH) ONBITA IeATEJILHOCTH

CryneHTbl, JOMYIICHHbIE K dK3aMEHY, OTBEUalOT Ha BOIPOCHI OWieTa, UMes BO3MOKHOCTh Ha
NOJArOTOBKY He MeHee | uaca. OTBETHI MPEICTABIISAIOTCS B MHUCBMEHHOM BHJIE, 10 KOTOPBIM
MPOBOJIUTCS YCTHOE COOECEeI0BaHNUE.

OrieHKa 32 OTBET Ha OWJIET BBICTABISIETCS B COOTBETCTBUU CO CIICIYIOIIUM KPUTEPUSIMHU:
CrynmeHT, He OTBETMBIIMKA TPaBWIBHO HH Ha OJUH BOMPOC, TMOJYYaeT OIEHKY
HeyoBiIeTBOpUTeIbHO (1 min 2)

CryneHT, OTBETUBIINN TPABUIIBHO

TOJIBKO Ha | BOIPOC, MOMyYaeT OIEHKY «yIOBICTBOPUTEIbHO» (3 min 4 6asia), B 3aBUCHMOCTH
OT TIOJTHOTHI PAaBMIIBHOTO OTBETA M OTBETOB HA JAPYTHE JOMOIHUTEIBHBIC BOIIPOCHI;

Ha 2 BOMIPOCA, MOJyYaeT OLEHKY «Xopomo» (5, 6 win 7 6auioB), B 3aBUCUMOCTH OT MOJHOTHI
NPaBUJIHHBIX OTBETOB U OTBETOB Ha JIPYTHE BOIIPOCHL;

Ha Bce 3 Bompoca, nojy4aer 8 6ayuioB («OTIMYHO») U BO3MOXKHOCTh OTBETA Ha JIOMOJIHUTENIbHbIE
BOTIPOCHI MTOBBIIIEHHOW CIIOKHOCTH JIJIS TIOJTYYEHHSI OIICHKH «OTJIMYHO» ¢ Oammamu 9 nin 10.

Bo Bpems mpoBeneHus 3K3aMeHa CTYJIEHThl MOTYT IOJIb30BaThCSl IPOrpaMMON JAUCHHUILIMHBI U
COOpHMKaMU JOMallHMX 3aJaHuil. Y4yeOHOHM, y4eOHO-METOAMYECKOW U  CHpPaBOYHOU
JUTEPATypOH MOJIb30BATHCA BO BPEMsI dK3aMeHa HE JOIycKaeTcs. Bo BpeMs sK3aMeHa JOJIKHBI
OBITH TaK)X€ BBIKITFOYEHBI MOOMIIHHBIC TETE(OHBI.

[lepen HauamoM SK3aMEHAIIMOHHOM CECCUU CTYJEHTHI MOJIy4aloT MepeueHb BOIPOCOB, OTBETHI Ha
KOTOpble HEOOXOJMMO 3HATh JJs YCHEIIHOW caayu sk3ameHa. DopMymupoBKH BONPOCOB B
OuieTax CTyJIEHThI Y3HAIOT BO BpEMs KOHCYJIbTAIUil.

CryneHThl, MOJIYYMBIIME HTOTOBYIO OLEHKY «oTiauuHo» (10) m pemmBiIIMEe M 3alIUTUBIINE
3a/la4il IOBBIIIEHHOW CIIOXHOCTH JIOMAIIHEro 3aJaHusl, MOTYT IOJIY4YUTb JOIOJHUTEIIbHBIE
3a4eTHBIE €IMHHULIBI 110 KypCY.




