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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: Teopus nons
10 HANPABJICHHUIO: Texuunueckas puznka
NpoduJIb MOATOTOBKH: Texnnueckast pu3znka KOCMUYECKHX JIETATEIbHBIX alapaToB

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadenpa teopernueckoi puznku um. JI.J1. Jlannay
Kypc: 3
KBaJIMpUKALS: GakanaBp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 5 (OCEHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3
KonuecTBo KOHTPOIBHBIX paboT, 3a1aHuil: 4

[Iporpammy coctaBuiu:

A.B. lopodeenko, a-p Gus.-mat. HayK, JOLEHT, JOLEHT
C.B. ®omuues, ka1, Gpu3.-Mar. HAyK, JOICHT, TOIIEHT
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 obcyxieHa Ha 3acefanu kadenpsl Teoperudeckoi puszuku um. JI.JI. Jlannay 23.05.2020



AHHOTANMA
ITporpamma npeaHasHayeHa A CTyAEHTOB 3 Kypca. OHa BKIIIOYaeT B ceOs IUIaH JIEKIMH, pEKOMEHAYEMYIO
JUTEPaTypy, CBOAKY OCHOBHBIX (OPMYN, a TakKe 3aJaud Ui PAacCMOTPEHHs Ha CEeMUHapax M Ui
CaMOCTOSTEJILHOTO PELICHUS CTY/ICHTaMH.
B Kypce paccMarpuBarOTCS OCHOBBI CIICIIHATIBHOW TEOPHH OTHOCHTEIBHOCTH M TEOPUH DIICKTPOMATrHHTHBIX
nosiel B cBOOOJHOM ITpOCTpaHCTBE. B mepBoii yacTu Kypca JaeTcsi akcuoMaTuka TeOPHH OTHOCUTEIbHOCTH,
OTKyZla BBIBOJASATCS OCHOBHBIE CJIEJCTBHUS: PEIISITHBHCTCKOE COKpAIllCHWE JUIMHBI, 3aMEIJICHHE BpPEMEHH,
OTHOCHUTEIBHOCTh OJHOBPEMEHHOCTH, abeppauust cBera. M3maraiorcsi OCHOBBI TEOpUH TEH30POB,
HEOOXOAMMBIC Ul YETHIPEXMEPHOTO ONHMCaHWs PEeNATUBUCTCKUX sBIeHWH. J[lamee paccmarpuBaercs
PENATUBUCTCKAs YacTUIAa B CBOOOJHOM MPOCTPAHCTBE U B IIEKTPOMArHUTHOM mose. DopMyITupyeTcst TeopHst
ANIEKTPOMArHUTHOTO TOJS, M3 JEHCTBUS BBIBOIATCS ypaBHEHHS MakcBelula Kak TPEXMEpPHOM, Tak M B
4eTBIPEXMEPHOM Buze. Pemiaercss psa NPUHIMNUANBHBIX 3aad TEOPHM IOJS: PAcIpPOCTPAHEHUE IUIOCKUX
BOJIH, MYJBTHIIONBHOE PA3JIOKCHUE B DJICKTPOCTAaTUKE M MAarHUTOCTATHKE, M3TyYEHHE SJICKTPOMArHUTHBIX
BOJIH B INTIOJIBHOM MPHOIVKEHUN M PETSITUBUCTCKUMHU 3apsilaMH, PaCCEsTHUE IEKTPOMarHUTHBIX BOJIH.
Kypc ocHOBBIBaeTCst Ha OOIIMX 3HAHHMSIX MaTeMaTH4eCKOro aHaim3a (Teopust (PYHKIMHA OJXHOW M HECKOJIBKUX
MEPEeMEHHBIX, BEKTOp-QYHKIUH, IuddepeHIUpoBaHHEe W WHTETPUPOBAHUE O3THUX (YHKIUH, BEKTOPHBIC
muddepeHIratbpHbIe ONepalii) H TEOpUH TU(PepeHINaTbHBIX YpaBHEHHI (YMEHUE pemaTh OCHOBHBIC THITBI
i depeHManbHbIX YpaBHEHUH), U BO MHOTOM OINHUPAeTCs HAa TPEJICTABICHUS M HABBIKM, IPUBHUTHIC
cryaeHTaM Kadenpoit oouier pu3uky (00Ine 3HAHUS PENIATUBUCTCKON TEOPHU U TEOPHH AIIEKTPOMArHUTHOTO
nons). M3noxkeHHsle pe3yabTaThl HCIONB3YIOTCS B APYTHX Kypcax TEOPEeTHYECKOM (M3MKH: B KBAHTOBOI
MEXaHUKE U CTaTHCTHUYECKOH (hU3MKe, a TaKXKe B psijie KypCcOB IO BEIOOPY.

1. leau u 3apauun

eap AUCUMNIIMHBI

Jate cTyneHTaM 3HaHUS HEOOXOAMMBIE Ui ONMUCAHMS PA3TUYHBIX (U3UUECKUX SBJICHUHA B 001acTh
MNPUIOKEHUN CIELUATbHON TEOPUH OTHOCHUTEIBHOCTH, PEISTUBUCTCKOM MEXAHUKHA U KJIACCHYECKOU
MHKPOCKOIMYECKON 3JEKTPOANHAMHMKHN, U METOIBI MOCTPOEHHUS COOTBETCTBYIOIIMX MAaTEMaTHUECKHX
MoJeJiel, II0Ka3aTh COOTBETCTBUE CHCTEMbl IIOCTYJIaTOB, IIOJOKEHHBIX B OCHOBY TEOpUHU
OTHOCUTENIBHOCTH W  KJACCHYECKOM DIEKTPOJUHAMHUKHU, CYIIECTBYIOIIUM SKCIEPUMEHTAIBHBIM
JAHHBIM, YTO ITO3BOJIIET CUNUTATh TEOPHIO JOCTOBEPHOU B 001acTH €€ MpUMEHUMOCTH. [laTh HaBBIKH,
MO3BOJISIIOIINE TIOHATh, KaK a/IeKBaTHOCTh TEOPETUYECKON MOJEIM COOTBETCTBYIOIIEMY (pU3HUECKOMY
SIBJICHUIO, TaK U €€ Ipeiesbl IPUMEHUMOCTH.

3agauu AU CHUILIHHBI

* N3ydeHue mareMaTHdyecKoro ammapara CIelMaJbHOM TEOPHUM OTHOCUTEIIBHOCTH, PENIITUBUCTCKOM
MEXAaHHMKH U KJIACCHYECKOW MUKPOCKOIMMYECKOM 31EKTPOAHNHAMHUKH;

*  U3Y4YCHHE METOJIOB PEIICHHS 3a/ad PENSTHBUCTCKOW KUHEMAaTUKU W JTUHAMUKU U KJIACCHYECKOU
MHUKPOCKOIUYECKON 3JIEKTPOANHAMUKHY;

* HU3Yy4YCHUC MCTOAOB OMMMCAHUA CUCTEM 3aPsKCHHBIX YaCTUI] U CO3AaBAC€MbIX UMH DJICKTPOMATrHUTHBIX
HOHeﬁ, B TOM 4YHCJIC CUCTEM B3aHMOH€fICTBYIOH1HX C BHCHIHUM J3JICKTPOMAIrHUTHBIM I10JICM,

¢ OBJIaACHUC CTyACHTAMH MCTOIOB peHHTHBI/ICTCKOﬁ MEXaHHMKH U KJIaCCHYCCKOU MI/IKpOCKOHI/I‘{eCKOﬁ
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

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ pPelleHus,
NeMCTBUS IO PELICHUIO 3a1a9l

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITIH,
MIPUMEHSTh CUCTEMHBIN TOAXO ISl peLIeHUs
OCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl pPELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH




YK-1.5 Ormpenensier #u  ONEHUBAaET  MNPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 Crioco0eH UCIoIb30BaTh
(byHIaMEeHTaIbHBIC 3aKOHBI TPUPOJIBI U
OCHOBHBIC 3aKOHBI €CTECTBCHHOHAYYHBIX
JHMCIUILIAH B PO ECCHOHATBHOM
IEATELHOCTH

OIIK-1.1 Bnameer ¢yHAaMEHTAIBHBIMA TOHATUSIMH H
3aKOHAMU COBPEMEHHBIX €CTE€CTBEHHOHAYUHBIX IUCIMILIMH
B cepe cBoei MpodeCcCHOHATEHON NeITeTbHOCTH

OIIK-1.2 Wcnonb3yetr HEOOXOMUMBbIE PU3NYECKHE 3aKOHBI U
MOHUMAET IPAHHIIBI UX TPUMEHUMOCTH

[IK-1 CnocoGen npuMeHsATs 3 PeKTUBHbIC
METO/Ibl HCCIIEA0BAHUS (PU3UKO-TEXHUIECKUX
00BEKTOB M MPOLIECCOB, MPOBOAUTE UCTIBITAHUS
TEXHOJIOTUYECKUX MPOLECCOB U (MIIN) U3/AEINI
C MCIIOJIb30BAaHUEM COBPEMEHHBIX
AHAJMTUYECKUX CPEICTB TEXHHUUECKOH (PU3UKU

[IK-1.1 CmnocobeH HCIIOIB30BaTh  HCCIIENOBATEILCKUE
METOJBI MPHU PEIICHWH HOBBIX 3a/ad, MPUMEHSS 3HAHUS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILTHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- HOCTyJ'IaTbI W IIPUHIUIIBI crnenraabHON TCOPUN OTHOCUTCIIBHOCTH, peHﬂTI/IBI/ICTCKOI‘/'I MCXaHUKHN H
KJIaCCHYECKON MHKpOCKOHI/I‘IGCKOfl QJICKTPOAWHAMUKH, MCTOABI OIMUCAHUSA PCIATUBUCTCKUX YACTUL U

CUCTEM 3aps’KCHHBIX YaCTHI,

a TaKXC OJJICKTPOMArnuTHOIO I10JIA, CO34aBa€MOI0o 3aps’KCHHBIMU

YaCTHIAMH U B3aHMOJICHCTBYIOIETO C HUMH;

- OCHOBHBIC YPAaBHEHHUS M CBOMCTBA 3JIE€KTPOMArHUTHOTO TIOJIS;

- OCHOBHBIC METO/bBl MAaTeMaTH4YEeCKOrO ammapara CIIeHUalbHON TEOpUH OTHOCUTEIBHOCTH,
PENATUBUCTCKOM MEXaHWKH U KJIACCHUECKOH 3JIEKTPOIMHAMHUKHU: TPEXMEPHYIO TEH30pHYIO aireopy,
BEKTOPHBIN aHAJIN3 U alllapaT YeTHIPEXMEPHBIX BEKTOPOB U TEH30POB;

- OCHOBHBIC METOZbI PELICHUS 3a1ad PEISITUBUCTCKON KMHEMATHKH M JUHAMHKH U KJIACCHYECKON

MHKpOCKOHH‘leCKOﬁ

QJICKTPOANHAMUKH,

BKJTrO4as JBUKCHUC 3apSAKCHHBIX qaCTHuIl B

SJICKTPOMArHuTHOM I10JIEC U CO3JaHUC T10JIsI CUCTEMAMU 3aps>KCHHBIX YaCTHUII,
- MCTOABI U CIIOCOOBI OIMCAHUS H3JIYYCHUSA ODJICKTPOMAIHUTHBIX BOJIH CHUCTCMAMMU 3apPSIKCHHBIX

YaCTHII;

YMETB:

MCTOJbI OIMUCAaHUA PACCCAHUS JICKTPOMAIrHUTHBIX BOJIH 3apsS’KCHHBIMU YaCTHLIAMU.

- Tlomp30BaThCs anmapaToM TPEXMEPHOTO BEKTOPHOTO aHAIN3a,;

- TIONB30BaThCA almaparoM TPEXMEPHOU TEH30PHOM anredphi;

- TIOJIb30BAaThCS AMIapaToM YEThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- peuarh KHHEMaTHYeCKUE 3aa41 C YJaCTUEM PEJIATUBUCTCKUX YaCTHLI;

- pemarb 3ajadd O [BWKEHUM PEIATUBHUCTCKHX 3apsOKCHHBIX YAacTHUI] B 3aJaHHOM BHEIIHEM
ANIEKTPOMAarHUTHOM T10JI€ Pa3INYHON KOH(UTYpaIiHy;

- MPUMEHATh METOA MYJBTHIIONBHBIX MOMEHTOB JUISI PEIIEHUS 3a4ad JJIEKTPOCTAaTUKU H

MarHuTOCTaTHuKH,

- peurarb 3aAa4d PO MBJIYUCHUC OJICKTPOMAIHUTHBIX BOJIH CHCTCMaMU HCPCIATHBUCTCKU
ABMIKYIIUXCA 3aPsIKCHHBIX YaCTUILL, UCTIOJIb3Y MYJIBTUIIOJIBHBIC MOMCHTHI;
- peuiate 3aAa4yvd IMpO HU3JTYUYCHHUC JJICKTPOMAIrHUTHBIX BOJIH PCIATUBUCTCKUA ABUIKYIIUMUCA

3apsHKEHHBIMU YaCTHUIIAMH.
BJIAJIETD:

- OCHOBHBIMH METOAaMU MATEMATUYCCKOIo allrnapara crnennaabHON TCOPUU OTHOCHUTCIIbBHOCTH,
peJ’ISITPIBPICTCKOfI MCXaHHUKH U KJIACCHYCCKOM MI/IKpOCKOHI/I‘leCKOﬁ QJICKTPOAUHAMUKU

- HaBBbIKaMH TCOPETUUYCCKOIO0 aHain3a pCaJibHbIX 3a/iad, CBA3AaHHBIX KaK CO CBOMCTBaMHU CHCTEM
3apsKCHHBIX YaCTUIL, B3aHMOILeI>iCTBy10H.[HX C DJJICKTPOMArHuTHBIM IIOJICM, TaK U CO CBOICTBaMH
CaMOT0 3JICKTPOMArHUTHOTI'O I10J1, CO34aBaCMOTI'0 3apsS’KEHHBIMHA YaCTULIAMU.

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

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.




No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora

1 [IpyvHLIMO OTHOCUTENBHOCTH 2 2 3

) YerpipexmepHOe [ICEBI0EBKIINIOBO ) 5 4
IPOCTPaHCTBO MUHKOBCKOIO.

3 Onucanue HBIDKEHHA CBOOOTHOM 4 4 3
PEJIATUBUCTCKOM TOYEYHON YaCTHIIBI.

4 BsaumoneiicTBre 3apspKEHHBIX YacTHUL C ) 5 4
3JIEKTPOMAarHUTHBIM I10JIEM.

5 TeH30p 271eKTPOMAarHUTHOTO IOJIS. 2 2 3

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

7 VYpaBHEHUS >IEKTPOMArHUTHOTO MOJS. 2 3

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

9 DJEeKTpO- U MarHUTOCTaTHKA. 2 2 3

10 CBobonHoe rnoJe. Heonnoponusie ) ’ 4
BOJIHOBBIC YPaBHEHHUSI.

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

12 W3nyuenue ABWKYIIUXCSA 3aps0OB BHE 4 ) 4
JUIIOJIBHOTO IPUOIMKEHUSL.

13 Peakumsi wum3daydeHus W paccesHHUE ) 4 3
JIEKTPOMArHUTHBIX BOJIH.

Uroro wacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.

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

4.2.

Coneprxanue TUCIUIUIMHBI (MOl ), CTPYKTYPUPOBAHHOE MO TeMaM (pa3ernam)

Cemectp: 5 (Ocennwii)

1. [IpuHIINT OTHOCUTETBFHOCTH

OnHOPOJHOCTH MPOCTPAHCTBA U OJHOPOAHOCTh BPEMEHH, H30TPOIHS MPOCTPAHCTBA, HHEPLUATIbHbIE
cucreMbl 0Tcu€Ta. HpI0TOHOBA MEXaHMKA U IIPUHLMIT OTHOCUTENbHOCTH ["anunes. [loTeHnmanbsHOCT
cun u panpHoAeicTBue. IlocTossHCTBO ckopocTh cBeTa. HecoBMECTHMOCTh KOHEYHOCTH CKOPOCTH
pacrnpocTpaHEHUs B3aMMOLECHCTBHM C NPUHOMIOM OTHOcuTenapHOocTH lanunes. IlpuHnumn
OTHOCHUTEIBHOCTH DWHIITEHHA. I3MeHeHne npeacTaBlIeHni 0 CBOMCTBAaX MPOCTPAHCTBA U BPEMEHHU
B pe3yJbTare ONBITOB cO cBeToM. IIpeoOpasoBanus JlopeHia, MX BBIBOA U CIEICTBHSA U3 HHX.
OTHOCUTENFHOCTD OJJHOBPEMEHHOCTH U MPOMEKYTKOB BpeMEHHU. MbICTICHHBIE OTIBITHI IO U3MEPEHUIO
JUINH, TIPOMEXYTKOB BPEMEHM U CUHXPOHM3aLuu 4acoB. CokpallleHue JJIMH, 3aMeJUIeHUe BPEMEHU U
COOCTBEHHOE BpeMs. PelsTHBHCTCKOE CIOXKEHHE CKOpPOCTEH W IpeoOpa3oBaHWE HANPaBICHUH.
Addekt npokexTopa. Abepparius cBeTa.

2. YeTbIpexMepHOE NICEBIOEBKINI0BO MPOCTPAHCTBO MHUHKOBCKOTO.



JlexapToBbl KoOpAMHATHI. MupoBas Touka (COOBITHE) M MHUpOBas JHHUS. VHTEpBaNbI MEXITY
COOBITUSIMH KakK Mepa pacCcTOsSHUS B IMpocTpaHcTBe MwuHKoBckoro. IIpocTpaHcTBEeHHO-IOOOHBIE,
BPEMEHHO- TOJOOHBIE M HyJNeBble UHTepBajbl. CBeToBOil KoHyc. [IpMHIMI NPUYMHHOCTH.
WHBapuaHTHOCT, WHTEpBaJia M TeOMETpUYECKas HHTeprnpeTanus mnpeodpazoBanuii JlopeHua.
Addunnbie mnpeoOpazoBanus. [lonstue 4-Bekropa. CkamspHoe mpousBefcHHE. MeTpHka
YeThIPEXMEpPHOTr0 mpocTpaHcTBa. KoOHTpa- M KOBapHaHTHOE TMpeJCTaBleHHE. 4-TpaJueHT |
4-nuBepreHius. 4-BEeKTOPBl CKOPOCTH H yCKOpeHusi. KoBapMaHTHOCTh (U3UYECKHX 3aKOHOB
OTHOCHTENBHO NpeoOpa3oBaHus JlopeHma kak nepedopMylIupoBKa MPUHIUIA OTHOCHUTEIBHOCTH.
Bexrops! 1 TEH30pbI B TPEXMEPHOM IIPOCTPAHCTBE.

3. Onucanue IBWXEHUS CBOOOTHOMN PENSITUBUCTCKON TOUSUHON YaCTHIIBI.

[TonsiTHe TOUEUHON AIIEMEHTApHOW YacTHIBI, e€ 4-KoopauHaTa W MupoBas nuHui. KoBapuaHTHas
($opMyIMpoOBKa MNpPHUHLIUIA HAaWMEHBILEr0 JEHCTBHS B MPOCTpaHCTBE MHHKOBCKOTO, (YHKIHSA
Jlarpanxa cBoOoxHOW wacTHIbl. [IpHHIMI COOTBETCTBUS. DHEPrHs, MMIYIbC U T'aMHJIBTOHUAH
CBOOOJHOM PENATUBUCTCKOM 4YacTULBl. 4-BEKTOp HMITyjlbca. YacTuipl C HYJNIEBOH Maccoi.
VYIbTpapensiTUBUCTCKOE [BU)KEHUE. 3aKOH COXpaHEHHs 4-UMITylbca 3aMKHYTOH CHCTEMbI Kak
CJIEZICTBHE OJHOPOAHOCTH MPOCTpPaHCTBa-BpeMeHH. JlabopaTopHas cuctemMa U cucTeMa LIEHTpa Macc.
[IpumeHeHne 3akoHa coOXpaHEHUs 4-UMIIyJbca JUIsl ONMCAaHUS YIPYTUX CTOJIKHOBEHHHM YacTull.
OddexktnBHas Macca cucrteMbl. Heympyrue CTOJIKHOBEHMSI M pacmagsl ¢ OOpa3oBaHMEM HOBBIX
yacTHll. JleexT macchl A1 COCTaBHBIX

cucreM. [Topor peakiuu. BomHoBo# 4-Bektop. Dddekt Jommnepa.
4. BzaumopeicTBHE 3apsDKEHHBIX YaCTHIL C DJIEKTPOMArHUTHBIM I1OJIEM.

[lonsiTHs 3apsiHa TOYEUHOW OSIIEMEHTApHOW YACTHLBI M AJIEKTPOMAarHUTHOIO TOJSA. 4-BEKTOp
[OTEHIMAJl 2JIeKTpOMarHuTHoro mnous. JlefictBue M jarpaHXuaH A TOYEYHOHW YACTHULIBI BO
BHEIIHEM BEKTOp HOM IMoJie. DHEeprusi, 00OOIIEHHBI U KMHEMaTHUYeCKUI UMITYJIbChl. YpaBHEHUE
Jlarpamxa wu cumna Jlopenna. @ynkuus [ammnsrona.  [pamuentHas — (kanmuOpoBouHas)
MHBapHaHTHOCTb. KoOBapMaHTHBI BBIBOJ, YpAaBHEHHS [BWJKEHUS 3apsOKEHHOM YacTUIBl B
YEThIPEXMEPHOM BU/JIE. 4-BEKTOP CHUJIBL.

5. TeH30p 3J€KTPOMarHuTHOIO MOJIS.

[lonstne TeH3opa. 4-TEH30PBl U UX CBOHCTBA. AOCONIOTHO aHTHCHUMMETPUYHBIH U METPUUYCCKHI
TeH30pbl. WHBapuaHTHOCTH 4-00beMa. OJNEKTPUUECKOE M MArHUTHOE IOl KaK KOMIIOHEHTBI
AHTUCHUMMETPUYHOTO 4-TE€H30pa 3JIeKTpoMarHuTHoro mossa. IlpeoOpasoBanue Jlopenma s
noreHuuanos (¢, A) u Hanpsoxkernnocteit (E, H) n3 ogHoit cucremsl orcuera B 1pyryto. HBapuanThl
HOJISL U UX caeAcTBUsA. JlyaslbHbINA TEH30p MOJIA.

6. JIBUkeHHE 3apsKEHHON YacTHIIbI BOBHEIIIHEM 3JI€KTPOMAarHUTHOM II0JIE.

JIBM>xeHUE 3apsKEHHOM 4acTUIlbl B IOCTOSIHHBIX OJIHOPOAHBIX JIEKTPUYECKOM M MarHUTHOM IIOJISIX.
Hpeiid B ckpemeHHBIX mosx. CpeqHsst cuina U CpelHU MOMEHT CHJIBI JUIsl CUCTEMbI YacTHLl BO
BHEIIHUX CJIA00HEOIHOPOIHBIX HIEKTPHUCCKOM U MAarHUTHOM HOJISAX. DJIEKTPUUECKHIA U MarHUTHBIN
IUIOJIbHBIE MOMEHTBL. ODHEpPrusi MarHMTHOIO MOMEHTa BO BHEIIHEM MAarHWTHOM IIOJe€.
I'mpomarautHoe otHomeHue. Ilperneccuss MarHUTHOrO MOMEHTa BO BHELIHEM IIOJIE€ M Teopema
Jlapmopa. Anmabatnueckuil MHBapUaHT U ABIKEHHE 3apsyKEHHON 4acTHIBI B ciIabonepeMEeHHOM
MarHuTHOM Tonie. JIBWXKeHHWE BeIylIero IeHTpa OpOWTHl M TONEpPEeYHbId Jpeid 3apsoKeHHOM
YacTUIBI B CIIA00HEOAHOPOIHOM MarHUTHOM I10Jie. MarHWTHBIE 3€pKajla U IPUMEPBI OCYIIECTBICHUS
UX B IIPUPOZE U TEXHUKE.

7. YpaBHEHUS AIEKTPOMATrHUTHOIO TOJIA.



VYpaBHeHnss MakcBenaa Kak 00OOLIEHHE OIBITHBIX (PAKTOB M MX BBIBOA M3 HEPBBIX MPHHIUIIOB.
IlepBas mapa ypaBHeHmii MakcBemna. Pacripenenennsie 3apsabl. Ilepexon oT TOUEUHBIX 3apsAo0B K
pacIpeneseHHON CUCTeME 3apsiloB U TOKOB IpH momouu d-(pyHkuuu. IlmotHOCTH 3apsga m Toka
CHUCTEMBl TOYEYHBIX YAaCTHUL. 3aKOH COXpaHEHHs »JJEKTPUYECKOro 3apsiia u 3 ypaBHEHHE
HETIPEepPBIBHOCTH. 4-BEKTOp IUIOTHOCTH ToKa. (DYHKIMOHAN JAEHCTBUS M IUIOTHOCTh (YHKIIHUU
Jlarpanxka nns snekrpomarHuTHoro mnoind. IlomydeHne BTopoil mapbl ypaBHeHuM MakcBemia wu3
BapHAllMOHHOTO TIPUHIMIA. YpaBHEHHs MakcBeimsia B TPEXMEPHOW M YeThIpeXMepHOW (opmax.
EnuncTBenHOCTH perienuil ypaBHeHuii Makcgena. CBOICTBa CHMMETPUH ypaBHEHU MakcBeia.

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

[I10THOCTE 2HEPrUU MOJII W BEKTOP IUIOTHOCTH MOTOKa 3Hepruu (Bekrop l[loiiHTuHra). bamanc
SHEPTHH CHCTEMBI 3apsDKEHHBIX YacTHI] M 3JIEKTPOMAarHUTHOTO TOisl. [LIOTHOCTh MMMyNbca MO,
TEH30p IUIOTHOCTH ITOTOKA UMITYJIbCca U TEH30p HanpspkeHuin MakcBeruta. bananc ummynbca cucteMsl
3apsHKEHHBIX YacTHUI] U DJIEKTPOMArHUTHOTO moiis. [ImotHocTh cunbl JlopeHmna. 4-TeH30p SHEpruu-
umnynbca. KanmmOpoBouHass WHBAPHAHTHOCTH YPAaBHEHHM JIIEKTPOAMHAMHUKH. YPaBHEHUS s
MoTeHIManoB. Buj ypaBHeHHH aiisi 4-OTEHIIMATIOB B KYJIOHOBCKOM KaJIMOPOBKE M B KamMOpOBKe
Jlopenma. Omeparop /I’Anambepa. OCHOBHBIE ypaBHEHHS DIIEKTPO-U  MarHUTOCTATHKH.
DNeKTpOCTaTHYECKH TOTEHIIMAI TOYSYHOTO 3aps/a.

9. DnexTpo- ¥ MarHUTOCTATHKA.

VYpasuenue [lyaccona u ero pemenne. @ynkius ['puna ypaBaenus [lyaccona. Dnekrpudeckoe moine

CHUCTEMBbl HETOIBMXHBIX 3apAJ0oB Ha OOJNBLIMX PACCTOSHUSAX. MyJIBTUIONBHOE PAa3JIOKEHHE
[OTEHIMAIOB.  ODJIEKTPUUYECKUN  KBAaJpPYNOJIbHBIM MOMEHT. OHEPrus  NIEKTPOCTATUUECKOI'o
B3aUMOJICICTBUSA M YCTpaHEHHE CAMOAEWCTBHSI TOYEYHBIX YacTHL. BbIpa)keHHE HSHEPTrHUM CHCTEMBI
3apsiI0B BO BHEIIIHEM CJIa0OHEOIHOPOIHOM 3JIEKTPUYECKOM II0JIE Yepe3 MYIBTHUIIOIbHBIE MOMEHTHI.
Pemenue ypaBuenus Ilyaccona [isi BEKTOPHOTO MOTEHIMANA CTAIMOHAPHOW CHCTEMBI TOKOB. 3aKOH
buo—Capapa. MaraurHoe 1oJie yCpeIHEHHOIO 110 BPEMEHM CTallMOHAPHOIO JBMXKEHMS 3apsoB Ha
OOJIBLINX PACCTOSHHAX.

10. CBo6oanoe nose. HeonHopoaHbie BOIHOBBIE YPaBHEHUSI.

OnHOpOIHBIC BOJIHOBBIE YpaBHEHUS JUIS MOTEHLIUAIOB CBOOOIHOTO 3JIEKTPOMATHUTHOTO IONS B
ITyCTOM TPOCTPAHCTBE U UX pemeHus. [ITockne MOHOXpOMAaTHYECKHE AIEKTPOMATHUTHBIE BOJIHBI U
ux nosspusanus. JIunelHas, Kpyroasi ¥ JUIMIITUYECKAs NOSpU3aLUU. YCPEIHEHUE 10 BpEMEHU U
o monsgpu3anuu. PemeHre HEOJHOPOIHBIX BOJHOBBIX ypaBHEHHI ¢ momousio (ynkium [puna.
Oynknus [puna B ypre-npencrarinenuu mo Bpemenu. OyHkuus [puHa BOTHOBOTO ypaBHEHHS U
npuHLUMT npuanHHOCTH. Omipenesenue 3anasasiBatoniei Gynkunu [puna.

11. 3aHaS,I[BIBaIOH_[I/Ie IIOTCHIMAJIbI. I/I3Hy‘{CHI/Ie B JUITIOJJBHOM HpI/IGJII/I)KeHI/II/I.

3amazgpiBatomias U omnepexkaromas (GyHkuur [prHA BONHOBOTO ypaBHEHHS. 3aria3/bIBArOIINE
noTeHuanel. JlumonsHoe npuOmmKeHne, ero (pU3MUECKUid CMBICT W KPUTEPUU TPUMEHHUMOCTH.
[lorenmmanel mons wu3AydeHUss B aunoibHOM mnpuOmmxkennn. [loms E w H B BomHOBOW H
KBa3UCTAIMOHAPHON 30HaX. VIHTEHCHBHOCTh HM3JIyYEHUS B JMIIONHLHOM NPUONMKEHUH. YIIIOBOE H
CIICKTPAJIBHOE PACIIPEACIICHUS IUNOIBHOTO U3TYUYEHUS U €r0 MOJsIpU3aliusl.

12. M3nyueHue ABIKYIIMXCS 3apsiIOB BHE AUIOIBHOTO IPUOIIKEHUS.

IToe B BOJHOBOH 30HE KOJEOIIOMIMXCS MArHUTHOTO IMIIONS M AIEKTPHUECKOTO KBAAPYIOJIS.
VHTEHCUBHOCTh M3IMy4Y€HUS MAarHUTHOTO JHIIONIS M JJIEKTpUYECKOro Kmaapymons. HM3nydenue
PENATUBUCTCKU-IBIKYIMXcst vactul. llorennumansr Jluenapa—Buxepra. ®opmyna Jlapmopa.
CHHXpOTPOHHOE W3IY4YCHHE M €ro IOJHasg WHTEHCUBHOCTh. OIeHKa UIMHBI (HOPMHUPOBAHUA,
YIJIOBOTO U CHEKTPaJIbHOI'O PacHpeeseHUs] CHHXPOTPOHHOIO M3JIyUeHUs B YIbTPAPEIIATUBUCTCKOM
ciydJae.

13. PeaKI_II/ISI H3JTy4CHHA U pACCCAHNUC BJICKTPOMATrHUTHBIX BOJIH.



Cuna paznanioHHOTO TpeHUsl. 3aTyxaHue, BhI3bIBaeMoe n3inydeHueM. EcrecTBeHHas (Kiaccuueckast)
HIMpUHA CHEKTpajdbHOM JinHUM. IIpenensl NPUMEHUMOCTH KIIACCUYECKOM 3JIEKTPOAMHAMHMKU Ha
MaJIbIX PACCTOSIHMAX U B CHIIBHBIX moiisix. [loctanoBka 3ajga4un o paccesHun. Juddepenuuansnoe u
MIOJTHOE CEUEHHE PACCESTHNS MOHOXPOMATHYECKOM BOJHBI Ha 3apsje. PaccesHue cBera Ha CBOOOTHOM
IeKTpoHE. TOMCOHOBCKOE CEUEHHUE pacCesHHsd M KIACCHUECKHMM pannyc anekTpoHa. [lomgapuzannd
paccessHHOTo cBera. PaccessHue 3JIEKTPOMAarHUTHBIX BOJIH Ha CBA3aHHOM JJIEKTPOHE Kak Ha
OCIIWIIIATOPE C 3aTyXaHueM. Pe3oHaHCHOE paccesiHue.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

CranpapTHas ayAuTOpHsl, KEJaTeIbHO C MYJIbTUMEIUIHBIM IIPOEKTOPOM.
6.IlepeuyeHnb pexoMeHYeMO JIMTEPATYPHI

OcHoBHas nuTeparypa

1. Teopernueckas usuka [Tekcr] : B 10 1. T. 2 : Teopus nons : yue6. mocobue ais By3os / JI. J1.
Jlannay, E. M. Jludummun ; mox. pen. JI. I1. TIuraesckoro .— 8- uzn., crepeorurt. — M. : Ou3mMamiur,
2001, 2003, 2006, 2012, 2014 .— 536 c.

2. 3agaum o TeopeTudeckoil pusnke [Tekcr] : yued. mocobue ms By3oB / HO. M. benoycos, C. H.
Bypmuctpos, A. U. TepuoB .— Jlonronpynssriii : Uarennext, 2013 — 584 c.

3. Barpirun, B. B. COopHEK 33124 110 SJIEKTPOANHAMUKE H CIIEHUATEHON TEOPHH OTHOCHTEIBHOCTH

[D1eKTpoHHEIH pecypce] : yue6. mocobue s By3oB / B. B. bareirun, Y. H. TonTsiruH. - 4-¢ U3,
nepepad. - CII6. ; M. : Jlans, 2010.

JlononHuTeNbHAS TUTEPATypa
1. Kparkuii kypc Teopernueckot ¢pusuku [Tekcr]. Ku. 1 : Mexanuka. DnekTpoarHaMuKa : yuel.
nocobwue st By3oB / JI. JI. Jlannay, E. M. Jludpmmn .— M. : Hayka, 1969 .— 271 c.
2. Knaccuueckas anekrpoanaamuka [Teker] : yue6. mocobue i By3oB / M. M. Bpenos, B. B.
Pywmsunes, U. H. Tonrteirus ; mon pen. M. H. Tornrreiruaa .— CII6. : Jlans, 2003 .— 400 c.
3. Karexusuc. PykoBoacTBO 10 MaTteMaTHke Ul HAUMHAIOIUX U3Y4aTh TEOPETHUECKYIO (DH3HUKY
[Texct] / FO. M. benoycos, B. I1. Ky3nenos, B. I1 . Cmunra ; M-Bo oOpa3oBanus u Hayku PO, MOTU -
M.U3n-80 M®TH,2005
4. Tenzopuoe ucuncienue [Tekcr] : yue6. mocobue st By3oB / . B. Kopenes ; Mock. ¢pu3.-TexH. HH-T
(roc. yH-T) — M. : MOTH, 1990, 1996, 2000 .— 240 c.
5. llpakTudeckast MaTeMaTHka. PyKOBOICTBO [T HAUMHAIOIIUX U3y4aTh TEOPETUICCKYIO (DU3HUKY
[Tekct] : [yueb. mocobue mis By3os] / FO. M. benoycos, B. I1. Ky3uenos, B. I1. Cmunra .— 2-e uzmg. —
Honronpynnsiit : Uatennekt, 2009 .— 176 c.
6. KanToBas Hanomnasmonuka [Tekcr] : [yaeonoe nocobue] / E. C. Auapuanos [u ap.] .—
Honronpynasti : U3a. mom "UaTemnext", 2015 .— 368 c.
7. Anekceen, A. 1. COopHUK 3aj1a4 110 KJIACCUYECKON DIIEKTPOIMHAMHKE [ DIIEKTPOHHBIN pecypc] : yu.
rocoOue 11 By30B st By3oB / A. W, Anekcees. - CII6. ; M. : Jlans, 2008.

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

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ccbuika cTpaHuIbl Kageapsl Ha OQUIIHATBHOM CaiiTe yHUBEPCUTETA
http://mipt.ru/education/chair/theoretical physics//



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_Iy.Tlﬂ)

Jlns BIONIHEHMsT y4eOHOI mporpaMMbl HEOOXOAMMO MOCEUIATh JEKIMH, CEMUHAPHI M UCIOJIb30BATh
YKa3aHHYIO JUTEPaTypy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay

Kypc: 3

kBaTuuKkanus: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 5 (0OCeHHUuH) - DK3aMeH
PaspaGorunkm:

A.B. Jlopodeenko, a-p Gus.-mat. HayK, JOLEHT, JOLEHT
C.B. ®omuues, ka1, Gus.-Mar. HayK, JOICHT, TOIIEHT
A.A. 3s50n0Bckuii, KaH[. (PH3.-MaT. HAYK, JOLEHT

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

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



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

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

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 Crioco0eH UCIoIb30BaTh
(byHIaMEeHTaIbHBIC 3aKOHBI TPUPOJIBI U
OCHOBHBIC 3aKOHBI €CTECTBCHHOHAYYHBIX
JHMCIUILIAH B PO ECCHOHATBHOM
IEATELHOCTH

OIIK-1.1 Bnameer ¢yHAaMEHTAIBHBIMA TOHATUSIMH H
3aKOHAMU COBPEMEHHBIX €CTE€CTBEHHOHAYUYHBIX IUCLMILIMH
B cepe cBoei MpodecCHOHATEHON NeITeTbHOCTH

OIIK-1.2 Wcnonb3yetr HEOOXOMUMBIE PU3NUECKHE 3aKOHBI U
MOHUMAET IPAHHIIBI UX TPUMEHUMOCTH

[IK-1 CnocoGen npuMeHsTsh 3pPeKTUBHbIC
METO/IbI HCCIIEAOBAHUS (PU3UKO-TEXHNIECKUX
00BEKTOB M MPOLIECCOB, MPOBOAUTE UCTIBITAHUS
TEXHOJIOTUYECKUX MPOLECCOB U (MIIN) U3/AEINI
C MCIIOJIb30BAaHUEM COBPEMEHHBIX
AHAJMTUYECKUX CPE/ICTB TEXHHUUECKOH (PU3UKU

[IK-1.1 CmnocobeH HCIIOIB30BaTh  HCCIIENOBATEILCKUE
METOJBI MPHU PEIICHWH HOBBIX 3a/ad, MPUMEHSS 3HAHUS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI <(TeOpI/I$I TII0JIsI» 06y‘laIOH_II/II>'ICH JOJIKCH:

3HAThb:

- IlocTynaTel ¥ NPUHIMIBI CIIELMATIBHON TEOPHH OTHOCHUTEIBHOCTH, PEISITHUBUCTCKOW MEXaHUKU U
KJIACCUYECKON MHKPOCKOITMYECKON 3JIEKTPOIMHAMUKHU, METO/IBI OMMCAHHS PENSTHBUCTCKUX YaCTHIl U
CHCTEM 3apsDKEHHBIX YaCTHI, a TaKKe JJIEKTPOMArHUTHOTO IIOJIS, CO3[aBaeMOro 3apsKEHHBIMU
YaCTHIAMH U B3aHMOJICHCTBYIOIIETO C HUMH;

- OCHOBHBIC YPAaBHEHHUS M CBOMCTBA 3JIEKTPOMArHUTHOTO TIOJIS;

- OCHOBHBIC METO/bI MAaTeMaTH4YEeCKOro ammapara CIIeHUalbHON TEOpUH OTHOCUTEIBHOCTH,
PENATUBUCTCKOM MEXaHWKH U KJIACCHUECKOH 3JIEKTPOIMHAMHUKHU: TPEXMEPHYIO TEH30pHYIO aireopy,
BEKTOPHBIN aHAJIN3 U alllapaT YeThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- OCHOBHBIE METOJbI PELICHUS 3a1ad PEIITUBUCTCKON KMHEMATHKH M JUHAMHKH U KJIACCHYECKON
MHUKPOCKOTIMYECKOW  DJIEKTPOAWHAMHUKH,  BKJIOYAsh  JBWKCHUE  3apsDKCHHBIX — 4YacTWI[ B
3NIEKTPOMArHUTHOM T10JI€ U CO3/1aHHE MO CHCTEMaMH 3apsKCHHBIX YacTHII,

- METOABl M CIIOCOOBI OMHMCAHWS W3IYyYSHHs 3JICKTPOMArHUTHBIX BOJH CHCTEMaMH 3apsHKEHHBIX

YaCTHII;

yMeTh:

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

- Tlomp30BaThCs anmapaToM TPEXMEPHOTO BEKTOPHOTO aHAIN3a,;

- TIOJNB30BaThCA almaparoM TPEXMEPHOU TEH30PHOM anredpsi;

- TIOJIb30BAaThCS AMIapaToM YEThIPEXMEPHBIX BEKTOPOB U TEH30POB;

- peuarh KHHEMaTHYECKUE 3a1a41 C YJaCTUEM PEJIATUBUCTCKUX YaCTHLI;

- pemarb 3ajadd O [BWKEHUM PEIATUBHUCTCKHX 3apsOKCHHBIX YacTHUI] B 3aJaHHOM BHEIIHEM
ANIEKTPOMAarHUTHOM T10JI€ Pa3INYHON KOH(UTYpaIiHy;

- MPUMEHATh METOA MYJBTHIIONBHBIX MOMEHTOB JUISI PEIIEHUS 3a4ad JJIEKTPOCTAaTUKH H

MarHuTOCTaTHuKH,

- peurarb 3aAa4d PO MBJIYUCHUC OJICKTPOMAIHUTHBIX BOJIH CHCTCMaMU HCPCIATHBUCTCKU
ABMIKYIIUXCA 3aPsIKCHHBIX YaCTUILL, UCTIOJIb3Yd MYJIBTUIIOJIBHBIC MOMCHTHI,
- peuiate 3aAa4vd IMpO HU3JTYUYCHHUC JJICKTPOMAIrHUTHBIX BOJIH PCIATUBUCTCKUA ABUIKXKYHIUMHUCA

3apsS’KCHHBIMU YaCTULIAMU.




BJIAA€Th:
- OCHOBHBIMH METOAaMU MATEMATUYCCKOIo allrapara crenraabHON TCOPUU OTHOCHUTCIIbHOCTH,
peJ'IS[TPIBPICTCKOfI MCXaHHUKH U KJIaCCHYCCKOI MHKpOCKOHI/I‘leCKOﬁ QJICKTPOAUHAMUKU
- HaBbIKaMH TCOPETUUYCCKOIO0 aHajin3a pCaJibHbIX 3a/iad, CBA3AHHBIX KaK CO CBOMCTBaMHU CHCTEM
3apsIKCHHBIX YaCTUIL, B3aHMOILeI>iCTByIOH.[HX C JJICKTPOMArHuTHBIM IIOJICM, TaK U CO CBOICTBaMH
CaMOT0 3JICKTPOMArHUTHOI'O I10JI, CO34aBaCMOI'0 3apsS’>KEHHBIMHA YaCTULIAMU.

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

3anaua 1 (8). [lonw3ysice menzopHoti anredpou, BEBIYUCIUTD FOt| 8 X rLZ , TJIe @ — MOCTOSTHHBIN
BEKTOp U [ - paguyc-BEKTOD.

3agaua 2 (7). OnpesenuTs IOPOroByIO SHEPTHIO Peakiun 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 onnopoanoe snextpuueckoe none E' = (E, 0, 0),
HAIpaBJICHHOE 110 OCH X', OMHMCHIBAEMOE CKASIPHBIM U BEKTOPHBIM MTOTCHI[HAIAMH

o' (t',x,y,z) =0, A'(t',x",y",2") =(-cEt’, 0, 0). Cucrema K’ nemxercs oTHOCHTENBHO
cuctembl K co ckopocTbio V BIOJIB OCH X, COBNaaaolieii ¢ ochto X' . Onpenenursb

(@) (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 mokasarb, uto mrpuxoBanusie [ ¢'(t, X,y,z) =0, A (t,xy,2) =

= (-cEt, 0, 0) ] m memrpuxosannsie [¢t, Xy, 2) u A(t, X, Y, Z) ] noTeHIMansI,
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.




