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: Teopus nosns

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa Qu3nKu 1 GU3NIECKOTO MaTePUATOBEICHUS

Kypc: 3

KBaJIMpUKALUS: GakanaBp

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

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

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

Bcero gacos: 135, Bcero 3a4. ex.: 3
KonuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2
[Iporpammy cocraBuiu:

C.B. TonoKOHHUKOB, KaH]l. u3.-MaT. HAyK, JIOIEHT, IOIIEHT
A.JIL. bapabaHoB, 1-p (u3.-Mart. HayK, JOUEHT, JOICHT

[Iporpamma obcyxieHa Ha 3aceannu Kadenpbl Gu3uku u Guzndeckoro matepuanosenexus 20.03.2020



AHHOTANMA
B kypce paccmarpuBaioTCs OCHOBBI CIIEMAJIBHOW TEOPUH OTHOCUTEIBHOCTH M TEOPHUH AJIEKTPOMArHUTHBIX
mmoJield B CBOOOJHOM TPOCTPAHCTBE. B MepBoil yacTu Kypca JaeTcsi aKCMOMAaTHKa TEOPUH OTHOCHUTEIHHOCTH,
OTKyJla BBIBOJSITCS OCHOBHBIE CIIEACTBHS: DPENSTUBHUCTCKOE COKpAaIeHHE JIMHBI, 3aMenjieHHe BpEeMeHH,
OTHOCUTENIPHOCTh  OJJHOBPEMEHHOCTH, alepparusi cBeTa. M3marailoTcs OCHOBBI TEOPHUH TEH30DPOB,
HEOOXOAMMBIC JIISi YETHIPEXMEPHOTO ONKCAHUSI PENSITUBUCTCKUX siBIeHWH. Jlanmee paccMaTpuBaeTcs
PESITUBUCTCKAS YaCTHUIAa B CBOOOHOM TIPOCTPAHCTBE U B JICKTPOMArHUTHOM Toiie. DopMynupyeTcst Teopus
ANIEKTPOMArHUTHOTO TIOJISl, M3 JEHUCTBUA BBIBOJATCSA ypaBHEHUs MakcBemsia Kak TPEeXMEpPHOM, TaKk U B
YETBIPEXMEPHOM BHJE. Pemraercss psl NpUHIMOUANBHBIX 3a]a4 TEOPUU MOJS: PACOHPOCTPAHCHUE IIOCKHUX
BOJIH, MYJIBTHUIIOJIBHOE DPA3IOKEHHE B AIEKTPOCTATHKE M MAarHUTOCTATUKE, U3JIyUEHHE 3JIEKTPOMArHUTHBIX

BOJIH B JUIIOJIbHOM HpI/I6HI/I)KGHI/II/I " PCIATUBUCTCKUMU 3apsAgaMU, paCCCAHNUC SJICKTPOMATrHUTHBIX BOJIH.

1. leau u 3apa4u

eap AUCUMNIMHBI

- OCBOCHHUC CTYyACHTAaMHU TCOPHU OJICKTPOMAIHUTHOIO TII0JIsI, MATCMATHYCCKUX MCTOHOB O6H.Iel“0
OIIMCaHHA KIIACCUYCCKHUX HOHeﬁ, OCBOCHHE OCHOB CIIEIIHAILHOMN TCOPUHN OTHOCUTCIIbBHOCTH.

3agauu AUCHUILIHHBI

- 3HAKOMCTBO C 0a30BBIMH JKCIIEPUMEHTAJbHBIMU (paKTaMu B OONACTH TEOPUH SIEKTPOMArHUTHOTO

OJIs;

- YCBOCHHUC OCHOBHBIX KOHHCHHHﬁ, BBIJIBUHYTBIX JJISI OMMUCAHUSA KIIACCUUCCKUX moJei H, B 4aCTHOCTHU,

KIJIACCUYECKOI'0 SJICKTPOMArHuTHOTO I10JIA;

- OBJIaICHNEC MATEMAaTUICCKUMHU METOJaMU, ITO3BOJIAIOIIMMU pCUIATh 3aJa4u 110 TCOPUH I10JIA;

- pei€Hue 3a/ia4, OXBATbIBAIOIINX OCHOBHBIC ITPUJIOKCHUA TCOPUU IJICKTPOMArHuTHOTO I10JI4.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIIST
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKanym, MpOeKThI)

OIIK-3.1 3Haer ocHOBHBIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAi U HAYYHO-TEXHUYECKON TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHWEM MPUKIAJHOTO IPOrPAMMHOTO
o0ecrnieyeHus

OIIK-3.2 Brnageet Ha MpakTHUKE METOMOJIOTHEH COCTABICHUS
HAYYHO-TEXHUYECKHUX OTYETOB (IIPOCKTOB)

OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO U TpauuecKoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM
(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHOW TEXHOJIOTHYECKON)
JESITEIbHOCTU B BUJIE OTYETOB, HAyYHBIX ITyOIMKALINT

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHUYECKUE METO/Ibl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOI SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
WU3MEPHUTENbHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOM annaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeIOBAaHHUI U Pa3paboToK

OIIK-5.2 OO6OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILTyaTalun

COBPEMEHHOMN 3KCIIEPUMEHTAIbHOMN
HAy4YHO-HCCIIEI0BATEIbCKON
(M3MEpUTENBHO-aHATUTHUECKOH M TEXHOJOTHYECKOH)

anmaparypsl

[1K-3 CnocoOeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEIOBAHUH IS PELICHHS 3a]1a4 B

[IK-3.1 3naer npuHUMIIBI PabOTHI M JHAana3oHbl paboumx
apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTHUYECKHUX
METO/I0B BBIYMCIICHHMA




n30paHHON MTPEIMETHOM 00JIacTH

[IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  HCIIONB3yeMbIX  alrOpUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

- IPUHIUIIBI U OCHOBHBIC PE3YJIbTAThI crnenraabHON TCOPUHN OTHOCUTCIIBHOCTH,
- MCTOJbI OIMMCAaHUA B3aHMO,Z[eﬁCTBHﬁ KJIIACCUYCCKUX CHUCTCM 3apsi’KCHHBIX YaCTHUL C IMOJIAMU MCKAY

co00ii;

- MCTOJbI OIMMUCAHUSA KIIACCUYICCKOI'0 JICKTPOMArHUTHOT'O ITOJIA,
- OIMMCAHUC IJICKTPOMATHUTHOT'O ITOJIsA, CO3AaBa€MOT0 CUCTEMAaMU 3aps 0B,

- U3JTYYCHHUC JJICKTPOMAIrHUTHOI'O ITOJIA;

- 0COOEHHOCTH U3IIyYeHHS PEIATUBUCTCKUX YAaCTULl (CHHXPOTPOHHOE U3ITy4YEeHHUE, OHAYISATOPHI).

YMETb:

- p€IaTb KWHCMATUYCCKUC 3a1auU O JBUKCHUU PCIIATUBUCTCKUX O6’BCKTOB;
- pemiath 3aia4i O ABMXKCHUH 3aPSKCHHBIX YaCTHUIL B 3JICKTPOMAariuTHOM I10JIC;
- OIIpCACIIATh B3aHMOI[€I>iCTBPIe CHUCTCM 3apAaa0B C BHCIIIHUMMU TTOJISIMU,

- MYJIbTHUIIOJIbHBIC MOMEHTBI;

- OMPCACIIATH COCTOSIHHUA CHUCTCMbI

3apsaa0B, npu KOTOPBIX Ha6J'IIO,Z[aeTC$I H3ITYy4YCHUC

SJICKTPOMArHuTHOI'O 11OJIA, © HAXOAUTh NHTCHCUBHOCTDb U3JIyYCHUS.

BJIAJIETh:

- METOAaMHU OIIMCAHUS KIIACCHUYCCKOT'O DJICKTPOMArHUTHOI'O IOJIA;

- OCHOBHBIMH MCTOAAMHU PCIICHHUA 3a4da4 O ABWXXCHHUM 3apsKCHHBIX YaCTull, B TOM YHCJIC
PCIATUBUCTCKUX, B PA3JIMYHBIX JICKTPOMATrHUTHBIX MOJIAX,

- HaBbIKaMH TCOPCTHYCCKOTO aHaJIn3a pCaJIbHBIX 3a/1a4, CBA3aHHLIX C BBaHMOHeﬁCTBHGM 3apsAKCHHBIX

YJacCTHUIl U 3JICKTPOMArHUTHOI'O I10JI.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM YY€OHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunaper | JlaGopat. paGoOTHI
pabora
1 Uznydenne aneKTpoMarHUTHBIX BOJIH. 8 8 8
WHBapuaHTHOCTP ¥ KOBapUaHTHOCThb
2 YpaBHEHM  2/eK- TpPOAUHAMHUKHA U 6 6 15
PEIATUBUCTCKON MEXAHUKHU.
3 YpaBHEHUA Makcaemna. 3 ] 14
Onexrpocraruka. MarHuTocraTuka.
OnexkTpoMarHuTHele BoJHBL [IpuHIUD
4 OTHOCHUTEIBHOCTH M  IpeoOpa3oBaHUs 8 8 8
JlopeHua.
Hroro yacos 30 30 45

[ToaroroBka k sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)




Cemectp: 5 (Ocennuii)
1. I3nyuyeHue 31eKTpOMarHUTHBIX BOJIH.

3ana3abplBalOUIMA U olepeXxarolluil nmoTeHuuansl. V3myueHue 37eKTpOMAarHUTHBIX BOJIH MEAJICHHO
JBIDKYIIUMUCS (HEPEISITUBUCTCKUMHU) 3apsiaaMu. JunonbHoe npubimKkeHue.

MarHuToANIIONbHOE U KBAIPYTOIbHOE PUOIIKEHNS B TEOPUH U3ITy4EHHS HICKTPOMArHUTHBIX BOJIH
MEAJICHHO JBMKYIIUMHUCS 3apsaaMu. Vznyyenne ObIcTpo IBHXKYLICHCS (PENSATUBUCTCKOM) YACTHLIBL.
PaccesiHue neKTpOMarHUTHBIX BOJIH Ha cBOOOAHOM 3apsze. PannannonHoe TpeHue.

2. VHBapmaHTHOCTb M KOBapMAaHTHOCTH YpaBHEHHUH »JJeK- TPOAMHAMHKH M PEISATUBHUCTCKOM
MEXAHHKH.

KontpaBapuanTtHele © KOBapHaHTHble 4-BeKTOpPbl U 4-TEH30pbl B CIELUUAIBHOW TEOpHH
OTHOCHUTEIBHOCTH. VIHBapMaHTHOCT, X KOBAapPUAaHTHOCTh YPAaBHEHUH 3JICKTPOAMHAMUKHA U
PENATUBUCTCKON MexaHUKH. JleficTBre M (QYHKIWS JIarpaHka Juisi CBOOOJHOM YaCTHIIBI U YaCTHIILI B
3IIEKTPOMArHUTHOM Tose. JIBukeHue peNsITUBHUCTCKOW YacTHLBl B TOCTOSHHBIX M OZHOPOIHBIX
AIIEKTPHUYECKOM M MarHUTHOM Tofisix. [IpeoOpazoBanue noneit. MaBapuantsl mosst. Dddekt Jomnepa
u abeppanus cBeTa JUIsl peNIITUBUCTCKIX NCTOYHHKOB.

3. YpaBHeHUs MakcBeia. DieKTpocTarnka. MarHUTOCTaTHKA.

YpaBuenuss Makcpeiia Juisi HanpsDKEHHOCTEH AIIEKTPUYECKOTO M MAarHUTHOIO TMOJIEH Kak pe3yibTar
0000IIeHUsT OMBITHBIX ()AKTOB. DJEKTPUYECKOE I0JIe HEMOABHKHBIX 3apsAfoB. MynbTUIIONBHOE
pa3ioKeHUEe TMOTEHUHaNa. MAarHuTHOE TMOJ€ CHCTEMbl CTAallMOHAPHBIX AIEKTPUUYECKUX TOKOB.
MarsuTHbINA JUITOJILHEIM MOMEHT.

4. DneKTpOMarHUTHbIE BOJIHBL. [IpHHIIMI OTHOCHTENBLHOCTH U ITpeoOpa3zoBanus JlopeHia.
DJeKTpOMarHUTHBIE BOJIHBI B BakyyMme. [IpuHImn oTHocuTensHOCTH U Tpeobpa3oBanus JlopeHna.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYylIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIIEHHAS MYJbTHMEANA POEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JiATEparypa
1. Teopernueckas ¢usuka [Teker] : B 10 T. T. 2 : Teopus nons : yue6. nocoowue aist By3oB / JI. J1.
Jlanmay, E. M. Jludmmur ; nox. pen. JI. [1. Iluraesckoro .— 8-e u3n., crepeorurt. — M. : Ou3MaTiuT,
2001, 2003, 2006, 2012, 2014 .— 536 c.
2. CoBpeMeHHas snekrpoauHamuka [Texcer] : [B 2 4.]. Y. 1 : Mukpockonuueckas Teopus : yue0.
nocobwue st By3oB / B. B. bareirun, U. H. Tonteirun .— M. ; MxkeBck : MTH-T KOMIIBIOTEpHBIX
nccneqoanuii, 2003 .— 736 c.

®onp auTeparypsl Kadeaps

JlononHuTeNbHAS TUTEPATypa
®onp nuteparypsl Kadeaps

1. Mxexcon Jlx. Knaccuueckast anekTponrHamuka. - M.: Mup, 1965.

2. I'maz6ypr B.JI. Teopernueckas ¢pusuka u actpopusuka, 3-e uza. - M.: Hayka, 1987.

3. benoycoB FO.M., Kyzuenos B.I1., Cmunra B.I1. [Ipaktuueckas matemaruka. PykoBoncTso mo
MaTeMaTHKe AJIs1 HAYMHAIOUINX U3Y4aTh TeOpeTHIecKyto ¢pusuky. - M.: MOTU, 2005; JonronpyaHslii,
Wznarensckuii qom "Murtemiext", 2009



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

1. http://lib.mipt.ru— snexTponHas 6ubmmorexa dOu3Texa.
2. http://www.Sci-lib.com — bonbias HayyHast GubnuoTexa.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX 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)

JI1sl yCHenHoro 0CBOEHHsI Kypca, IOMUMO MTOCELICHNUS JIEKLUI 1 CEMHUHAPOB, OT CTYIEHTOB TpelyeTcs
camocrosTenbHas pabora. B 0CHOBHOM, 3TO BpeMsi OTBOIMTCSI HA CAaMOCTOSTEJILHOE PELICHUE 3ajad,
BXOIMX B 1ABa 3adaHus. CaMOCTOATENbHBIC 3aHATHS BKJIIOYAIOT B ce0s TakxkKe IOBTOPCHUE
Marepuana JIeKIUH, CEMHHApCKUX 3aHSATHA M IOATOTOBKY K IPOMEXYTOYHBIM TECTHPOBAHUSM,
KOTOpBIE IPOBOIATCS sl TEKYLIEro KOHTPOJs 3a yCBOEHMEM Marepuana. Bcero npeamosnaraercs
MPOBECTH 3a ceMecTp 4 TecTa, BBHIMOJHUTH HUTOTOBYIO KOHTPOJIBHYIO pa0OTy MO pEIICHUIO 3ajad B
KOHILIE CEMECTpa U 3alUTUTh KaXJO€ M3 [BYX CAMOCTOSTEIbHO BBIIOJIHEHHBIX 3a1aHuil. CTyIeHThI,
YCHEIIHO NpoIeAne Bce GOpMbI MPOMEKYTOUHOTO KOHTPOJIS, JOMYCKAIOTCS K Cade PK3aMeHa 10
JUCLUIUIMHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kadeapa Qu3NKu 1 GU3HNIECKOTO MaTePUATOBEICHUS

Kypc: 3

KBaJIMpUKALUS: GakanaBp

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

C.B. TonoxoHHUKOB, KaH/. (hU3.-MaT. HayK, IOTICHT, JJOIICHT
A.JL. bapabaHoB, 1-p (u3.-MaT. HayK, JOICHT, JOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIISTh
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.1 3Haer ocHOBHEIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHUEM MPUKIAJHOTO IPOrPAMMHOTO
o0ecrnieyeHus

OIIK-3.2 Brnageet Ha MpakTHUKE METOMOJIOTHEH COCTABICHUS
HAYYHO-TEXHUYECKHX OTYETOB (IIPOCKTORB)

OIIK-3.3 Bnazmeer MeTogaMu BU3yalbHOTO U TpauuecKoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM
(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHOW TEXHOJIOTHYECKON)
JESITEIbHOCTH B BUJIE OTYETOB, HAyYHBIX ITyOIMKaLIUT

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
($yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYECKUE METO/Ibl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
WU3MEPHUTENBHO-aHATUTUYECKOHN 1
TEXHOJIOTUUECKON anmnaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeIOBAaHHUI M pa3paboToK

OIIK-5.2 OOGmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWU HAa OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

OIIK-5.3 Cnocober k mpodecCHOHATBHOM 3KCILTyaTaluu

COBPEMEHHOMN SKCIIEPUMEHTAIBHOMN
Hay4HO-HCCIIEA0BATEIbCKON
(M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOM)

anmaparypsl

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHON NpeAMETHOM 00IacTH

[IK-3.1 3naer npuHOMIIEI PabOTHI M JHana3oHbl pabounx
[apaMeTpoB MCIOIb3YEMOT0 HAyYHOTO 000pyI0BaHUS

[MK-3.2 3naer o0macThk W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTUYECKHUX
METO/IOB BBIYMCIICHUMA

[IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIYHCIUTEIBHBIX PECYPCOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare n3ydeHus: AUCIUTUIMHBL « TeopHs 1o 00yYaromuiicst JOKeH:

3HATb:

- IPUHOUIIBI 1 OCHOBHBIC PC3YJILTAThL CHCHHaHBHOﬁ TCOPHUH OTHOCUTCIBHOCTH,
- METOJIbl ONHCAHMS B3aUMOJCUCTBUN KJIACCUYECKUX CHUCTEM 3apSOKCHHBIX 4aCTHULl C HOJIAMH MCXKIY

co0oii;

- METOJbI OITMCAaHHUA KIIACCUYICCKOTO IJICKTPOMAIrHUTHOI'O I10JIA;
- OIIMCAaHUC SJICKTPOMATrHUTHOI'O ITOJIAA, CO31aBACMOI0 CUCTECMaMU 3apsAaJ10B,

- U3JIYYCHHUEC DJICKTPOMArHUTHOTO I10JIA;

- 0COOEHHOCTH H3TYy4YCHUA PCIATUBUCTCKUX YACTHUILL (CPIHXpOTpOHHOC HU3JTy4YCHUC, OH,E[y.]'IHTOpBI).

yMeTh:

- peiiaTb KNHEMATU4YC€CKNE 3a0a4u O ABMKCHUUN PEIIATUBUCTCKUX 06T:eKTOB;
- peliaTh 3aaa491 O ABMIKCHUU 3aPAKCHHBIX YaCTHULL B 9JICKTPOMAarHuTHOM I10JIC;
- OIIPCACIIATH B3aMMOJICHCTBUE CUCTEM 3apsaa0B C BHCIIHUMU IIOJISIMU,

- MYJIBTHUIIOJIbHBIC MOMCHTBI;

- ONpCaACIATD COCTOAHUA CUCTCMBI

3apsioB, TNpPH  KOTOPHIX  HaOmiomaeTcs  M3JIydyeHHe

QJICKTPOMArHuTHOTO ITOJIA, U HAXOAUTh MHTCHCUBHOCTDb U3JTY4YCHUH.

BJIaJeTh:




- METOJAaMHU OIIMCAHUS KITACCHUYCCKOT'O DJICKTPOMArHUTHOI'O MOJIA;

- OCHOBHBIMH MCTOAAMHU PCIICHHUA 3a7da4 O ABWXXCHHUM 3apsKCHHBIX YaCTull, B TOM YHCJIC
PCIATUBUCTCKUX, B PA3JIMYHBIX 3JICKTPOMATHUTHBIX MOJIAX,

- HaBbIKaMH TCOPCTHYCCKOTO aHaJIn3a pCaJIbHBIX 3a/1a4, CBA3aHHLIX C B3aPIMOI[eI>iCTBHeM 3apsAKCHHBIX
YJacCTHUIl U 3JICKTPOMArHuTHOI'O I10J14.

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

B nensx Tekyliero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPEeAbLAyIIHX
3aHATHUH 110 TEME MTPOLLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHOMN TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

[IprMepHBII IEpeUeHb BOIIPOCOB:

Hanmcars npeo6pazoBanue JlopeHia.

[atb onpenenenue nHTEpBaa B IpOCTPaHCTBE MUHKOBCKOTO.
Jlatb onpeneneHne cOOCTBEHHOTO BpeMsl YaCTHIIBL.

Hanmcars popMynbl Asist CIIOKEHHST CKOPOCTEH.

Jarb onpenenenue 4-KoOpAUHATHL, 4-CKOPOCTH, 4-yYCKOPEHUS .
Jarb o61ee onpenenenue 4-ekropa (JlopeHI-BekTopa).
MeTtpuueckuii TeH30p npocTpancTBa MunkoBckoro. CurHarypa.

e AN A M

Jlate omnpenesieHue CKaJsipHOTO IPOU3BENEHUS JIBYX 4-BEKTOPOB.

Ne)

. Jlate onpenenenue 4-uMIysbca 4acTUIbl. YeMy paBeH KBaapar 4-uMIyibca?
10. [eiicTBue asisi CBOOOIHOM YaCTHIIBI --- (YHKIIMOHAT €€ MUPOBOM JIMHUH.

11. Hamucarp ¢pynkuuto Jlarpanka cBOOOTHOMN YaCTHIIBI.

12. Hanwmcars GyHkus ['aMmuibpToHa.

13. Dddexr Homrepa.

14. Hanwmcars Gpopmyny abeppanuu cBeta.

15. Hamucarp BeipaxkeHue 111 cuiibl Jlopenta.

16. Jlates onpeneneHue 4-noreHIman€a 31eKTPOMarHiTHOTO TTOJIA.

17. ®yukuug ['aMunpToHa 4acTUIBI BO BHEITHEM 3JIEKTPOMArHUTHOM IIOJIE.

18. Hanucarbh koBapuaHTHOE YpaBHEHUE JIBUKEHUS 3apsi/la BO BHELIHEM JIEKTPOMArHUTHOM II0JIE.
19. OmnpenenuTs TEH30p HANPSKEHHOCTH 3JIEKTPOMArHUTHOTO TOJIS .

20. Hanwmcarp TeH30p 1MOJIS B MATPUYHOM IPEICTABICHHUH.

21. Onpenenutpb AyaabHBIA TEH30D MOJIA.

22. Hanwucarb MHBapHAHTHI DJIEKTPOMArHUTHOTO TOJISI.

23. CdopmynupoBaTb TeopeMy 00 M3MEHEHHM SHEpIUu 3apsDKCHHOM YacTHUIIBI B JIEKTPOMArHUTHOM
HoIe.

24. Hanncarb hopMyInbl AJisl YIJIOBOH YacTOTHI U PaANyC KPUBHU3HBI TPACKTOPUHU 3apsija BO BHEIIHEM
MarHuTHOM II0JIE.

25. IlpuBeTH OLIEHKY XapaKTE€pPHOIO BPEMEHHU ABUKCHUS 3apsiia BO BHELIHEM HJIEKTPUUYECKOM II0JIE.
26. Hanucars nepByro napy ypaBHeHH MakcBesuia B KOBApUAaHTHOM (TEH30PHOM) MIPEICTaBICHUH.
27. IlepBas mapa ypaBHeHU# MakcBenia B BEKTOPHOM MPEICTABICHUH.

28. Jlatb onpeneneHne MUKPOCKOIINYECKOH IIIOTHOCTH JIEKTPUUECKOTO 3apsiia.

29. Jlatb onpeneneHne MUKPOCKOIIMYECKOH IIIOTHOCTH IEKTPUUECKOTO TOKa.

30. Onpenenuth 4-BeKTOp MJIOTHOCTH AJIEKTPUYECKOTO TOKa. HamucaTh ypaBHEHHE HENPEPHIBHOCTH
ANIEKTPUUYECKOTO 3apsiaa

31. Bropas napa ypaBHeHn# MakcBeiia B KOBApUAHTHOM (TEH30PHOM) IPEACTABICHHH.

32. Bropas napa ypaBHeHHH MakcBeu1a B BEKTOPHOM IPECTaBICHUN.

33. OmpenenuTh MIOTHOCTD YHEPTUU dIEKTpOMarHuTHOTO noist. Bekrop IloiiHTHHTa.

34. ChopmynupoBars TeopeMa 00 U3MEHEHHH IUIOTHOCTH SHEPTHH JIEKTPOMArHUTHOTO ITOJIS.

35. Jarp omnpenenenne KaauOpOBOYHBIX MpeoOpazoBanuii mnoreHHHanoB. CdopMmyanpoBaTh
KaJIMOPOBOYHYIO MHBAPUAHTHOCTh KJIACCHYECKON 3JIEKTPOJMHAMUKH.

36. Harncarp BbIpaykeHUE [l TIOTEHIHMAN CTaTHUYECKON CHCTEMBI 3apsi/IOB.



37. Uemy paBHa 3HEpPrusi B3aUMOJIEHCTBUA CUCTEMBI HETTOJIBUYKHBIX 3apsA0B?

38. Kiaccuueckuiil paguyc 3JIeKTpoHa.

39. [arp ompeneneHue IOUIIOJIBHOIO  MOMEHTa cHCTeMbl 3apsnoB. Hamucare BblpakeHHE IS
ANIEKTPUUYECKOTO MOJIS HEMOABMKHOTO IUTIONISI.

40. latb ompenesieHue KBaAPYIIOJLHOIO MOMEHTa CHCTeMBbI 3apsaoB. Hanmcars ¢opmyny st sHepruu
KBaJIpyHOJIs BO BHEITHEM CJIa00-HEOHOPOIHOM JIEKTPUUECKOM II0JI€.

41. Hammucarp ycnoBue kanuOpoBku Jlopeniia.

42. Hanmcarp ypaBHeHHE IS TOTeHIHAN0B. (BomHOBOE ypaBHEHHE C HICTOUHUKOM).

43. Jlare ompeaencHue mpeoOpazoBanus Dypbe (kKoopaumHara-Bpems). Hamwcath BbIpaxxeHue Uis
o0paTHOro npeodpa3oBaHHUeE.

44. Hanucarp BeIpaskeHue s (DyHKITUHU [ puHA BOJTHOBOTO YpaBHEHUSI.

45. Hamucarpb BeIpa)keHUS [UIs 3a1a3/IbIBAIOIINX IOTCHLUAIOB.

46. ChopMynupoBarh yCIOBHS MPUMEHUMOCTH IUTIOIBHOTO MPUOIMKEHUS

47. Hamucarpb BbIpakeHHUE IS MOTEHIIMAIOB B JUIIOJIBHOM MPUOIMKEHUH.

48. Hamucarpb BbIpakeHHUE UL YIJIOBOTO paclpeleIeHue U3JIyYeHUs TUTIONS.

49. Hamucarb ¢opMyity JUIsi HHTEHCUBHOCTH U3TTYYSHHS JHUITOJIS.

50. Hanmucars ¢opmyiny Uis MHTEHCUBHOCTH U3IY4YCHUST KBAAPYIIONS U MATHUTHOTO JAUMOJIS.

Kputepun onennBanus
Onenka
onmyHo 10 omenka «ormiuuHo (10)» BBICTaBISETCS CTYOCHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBAaHHE
NPUHATHIX PELICHUI
oTINYHO 9 oreHKa «omIMYHO (9)» BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUILUIMHBL U YMEHHE TPUMEHSTh UX
Ha IMPAaKTHKE NPU PEIICHUH KOHKPETHBIX 3ajad, CBOOOIHOE M MPaBHIIbHOE 0OOCHOBaHME NMPHHATHIX
peleHui
OTIMYHO & OIICHKa «OTIM4YHO (8)» BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MpOrpaMMbl AUCLHUIUIMHBL 1 YMEHHE TPUMEHSITh UX
Ha [IPAaKTUKE NPU PEIICHUN KOHKPETHBIX 3aJ1a4, ¥ MPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUI
xopomo 7  oueHKa «xopomo (7)» BBICTABIAETCS CTYOCHTY, €CIM OH TBEpAO 3HACT MaTepHuall,
IPaMOTHO M IO CYLIECTBY HU3JaraeT €ro, ymMeeT IpPHUMEHSTb IOJIy4YE€HHbIE 3HAHUSA Ha IIPAKTHKE, HO
JIOITyCKaeT B OTBETE WJIM B PELICHUH 337a4 HEKOTOPbIE HETOYHOCTH;
Xopomo 6 OIeHKa «Xopomio (6)» BBHICTABISETCS CTYACHTY, €CIM OH 3HAaeT MaTepHall, TpaMOTHO U T10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOTY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WM B PELIEHUHU 3a]jad HEKOTOPblE HETOYHOCTH;
XOpomo 5 oLeHKa «Xopowo (5)» BBICTABISIETCA CTYACHTY, €CJIM OH 3HAET MaTepua, U MO CyILECTBY
U3JIaraeT €ro, yMeeT IPHUMEHSTh I0JyuyeHHbIC 3HaHMsA Ha MPaKTHKE, HO JOIyCKAaeT B OTBETE WM B
pEIIeHUN 3a/1a4 HEKOTOPhIE HETOUHOCTH;
YAOBJICTBOPUTENIBHO 4  OLIEHKAa «yHOBJIETBOPUTENHHO (4)» BBICTABIAETCS CTYACHTY, MOKa3aBILEMY
(parMeHTapHbI, pa3pO3HEHHBIH XapakTep 3HaHUM, HEJOCTATOYHO MPAaBWIbHBIE (QOPMYIHUPOBKU
0a30BBIX TMOHATUH, HAapyIIEHHs JIOTHYECKOH MOCIEJOBAaTEIbHOCTH B H3JIOKEHHH HPOTrPaMMHOIO
Marepuaina, HO IPH 3TOM OH BJIaJeeT OCHOBHBIMH pa3lesiaMu yueOHOH IporpaMmbl, HEOOXOOUMBIMHU
IUIsL JanbHenIIero o0y4eHuss 1 MOKET MPUMEHATh IMOJTy4eHHbIe 3HaHMS 10 0o0pasily B CTaHIapTHOM
CUTYalluu;
YAOBJICTBOPUTENIBHO 3 OLIEHKAa «yHOBJIETBOPUTENHHO (3)» BBICTABIAETCS CTYAEHTY, MOKa3aBILEMY
(parMeHTapHbI, pa3pO3HEHHBIH XapakTep 3HaHUM, HEJOCTATOYHO MPAaBWIbHBIE (QOPMYIHUPOBKU
0a30BBIX TOHATUH, HApyIIEHHs JIOTHYECKOH MOCIEOBAaTEIbHOCTH B H3JIOKEHUH HPOTrPaMMHOIO
Marepuaga, HO MPHU 3TOM OH BiajeeT (hparMeHTapHO OCHOBHBIMH pa3ieiiaMH yuyeOHOH Mporpammel,
HEOOXOAMMBIMH ISl JAJIbHENIIEro o0y4eHHst 1 MOKET IPUMEHATh NOITy4YeHHbIE 3HaHUS 10 00pasIyy B
CTaHJAPTHOU CUTYyalluu;
HEYJIOBJICTBOPUTEIBHO 2  OLIEHKA «HEYIOBICTBOPUTENHHO (2)» BBICTABISETCS CTYyACHTY, KOTOPBIN HE
3HaeT OoJbIIeH YacTH OCHOBHOTO COZIepKaHus yuyeOHOH IporpaMMbl AUCIMIUIMHBL, IOIyCKaeT IpyoObie
om0k B (OPMYTUPOBKAX OCHOBHBIX MOHITHUN IUCLUILIMHBI U HE YMEET MCIIOIb30BATh MOJIyUYEeHHBIE
3HaHUA IPU PELICHUH TUIIOBBIX IIPAKTUYECKUX 3a]a4

HEYIOBJIETBOPUTENHHO 1.



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu mpoBexeHnu 3k3amMeHa oOydaromeMycs npefocrasisercs He MeHee 40 MHUHYT Ha MOATOTOBKY.
Ompoc mo OwieTy M OTBETbl Ha [OINOJHUTENbHbIE BONPOCHI HE JOJDKEH MPEBBIATh JBYX
aCTpOHOMMYECKHNX 4acoB. Ilo 3aBeplieHMHM OTBEIEHHOIO Ha ONpPOC BPEMEHM, 3K3aMEHATOp AOJKEH
BBICTaBHUThH 00y4arOIEMYyCsl OLIEHKY B COOTBETCTBHH C BBIILICTIPHUBECHHBIMU KPUTEPUIMHU.



3. llepevyeHb THUMOBBIX KOHTPOJbHBIX 32JaHUM, UCNOJIb3YeMbIX /JIsl OLeHKH 3HAHWIA,

YMEHHMH, HABBIKOB

HpOMe)KYTO‘lHaSI arrecraigusa 1o AUCHUIIINHE ((TCOpI/ISI IOJIs» OCYHICCTBIISICTCA B (bOpMe

sK3aMeHa. JK3aMeH MPOBOAUTCS B YCTHOH dopme.

IIpumepHBbIi epedyeHb BONPOCOB B TeCTAX

HBOoo~NoO~WNE

19.
20.
21.
22.
23.

24,

25.

26.

217.
28.
29.
30.

31.
32.
33.
34.
35.

36.
37.
38.

0.
11.
12.
13.
14.
15.
16.
17.
18.

Hamucate npeo6pasoBanue JlopeHna.

JlaTe onpenenenue nHTEpBaia B IpOCTPaHCTBE MUHKOBCKOTO.

Jatb onpeneneHnue cOOCTBEHHOTO BPEMs YaCTHIIBI.

Hamucare Gpopmyribl A1t CI0KEHUS CKOPOCTEH.

Jatb onpenenenue 4-koopauHarsl, 4-CKOPOCTH, 4-yCKOpEHUSI.

Jate o6iiee onpenencuue 4-sexkropa (JIopeHi-BexkTopa).

Mertpuueckuii TeH30p npocTpaHcTBa MuHkoBckoro. CurHarypa.

Jlatb onpenenenue CKaasipHOTO IPOU3BEIEHUS ABYX 4-BEKTOPOB.

Jare onpenenenue 4-ummnynabca yacTuilbl. YeMy paBeH KBajpar 4-ummnynbca?

JeiicTBue s cBOOOIHON YaCTHIIBI --- (DYHKIIMOHAJ €€ MUPOBOM JIMHUH.

Hanucars dynxkiuto Jlarpanka cB0OOOIHOM YaCTHIIBI.

Hanucatp pynkuus ['amunsToHa.

D¢ dext Jomnepa.

Hanucars popmyny abeppanuu cBera.

Hanucars Beipaskenue 1 cuiiel Jlopenua.

Jare onpenenenue 4-noreHuyana 3eKTPOMarHUTHOTO MOJIs.

Oynkuusa ['aMuipToOHa 4aCTUIBI BO BHEIIHEM 3JIEKTPOMArHUTHOM IIOJIE.

Hanmcare koBapuaHTHOE ypaBHEHHE NBMJKEHHUS 3apsa BO BHEIIHEM 3JICKTPOMAarHUTHOM
ToJIe.

OnpenenuTts TEH30p HANPSXKEHHOCTH AJIEKTPOMArHUTHOTO TOJIS.

Hanucarb TeH30p 1ot B MaTpUyHOM NPECTABICHUU.

Onpenenutsb qyanbHbIA TEH30p MOJIS.

Hanucarbs nHBapuaHThI 37€KTPOMArHUTHOTO TOJIS.

ChopmynupoBats TeopemMy 00 HW3MEHEHHWM DHEPrHHM  3apsDKEHHOW  YacTHIBI B
ANIEKTPOMArHUTHOM II0JIE.

Hanucats QopMynbel Ui yIJIOBOM 4YacTOTHI M PaMyC KPUBU3HBI TPACKTOPUH 3apsiia BO
BHEILIHEM MarHUTHOM IOJIE.

[TpuBeTH OLIEHKY XapaKT€pHOTO BPEMEHHW IBMXKECHUS 3apsa BO BHEIIHEM JJIEKTPUYECKOM
1oJe.

Hanmcare mepBylo mapy ypaBHeHHH MakcBelia B  KOBapHAHTHOM  (TEH30PHOM)
IIPEJCTaBJICHUN.

IlepBas mapa ypaBHeHM MakcBesula B BEKTOPHOM IIPEACTaBICHUN.

Jlate onpenesieHne MUKpPOCKOIIMYECKOM IIJIOTHOCTH MIEKTPUUECKOTO 3apsiza.

Jlate onpenenieHne MUKpPOCKOIIMYECKOM MIJIOTHOCTH MIEKTPUYECKOTO TOKA.

Onpenenuth 4-BeKTOp IUIOTHOCTH  d3JI€KTpUYecKoro Toka. Hamucats  ypaBHeHHE
HENPEPBIBHOCTHU IEKTPUUYECKOTO 3apsia

Bropas napa ypaBHeHuii MakcBesuia B KOBApUAHTHOM (TCH30PHOM) MPEICTABICHUH.

Bropas napa ypaBHeHuii MakcBesia B BEKTOPHOM NPEICTABICHUU.

Onpenenuth IIOTHOCTh SHEPTUU 3IEKTpoMarHuTHoro nosis. Bekrop IloiiHTrHra.
CdhopmynupoBarb Teopema 00 H3MEHEHHH TUIOTHOCTH YHEPTUH 3JIEKTPOMArHUTHOTO TTOJIS.
Jare ompenenenue KanuOpOBOYHBIX IpeoOpazoBaHuii moreHIHanoB. ChopMmynnpoBarb
KJIMOPOBOYHYIO HHBAPUAHTHOCTh KJIACCHUECKON AEKTPOIUHAMUKH.

Hanucarpb BbIpaskeHUE 7151 IOTEHIMAI CTaTUYECKON CUCTEMBI 3apsiI0B.

YeMmy paBHaA SHEPTUsl B3aUMOJICHCTBUS CUCTEMBI HETIOBM)KHBIX 3aps0B?

Knaccuueckuiil paauyc 3J1€KTpoHa.



39. /latp ompeneneHue IUMOIBHOIO MOMEHTA CHCTEMBI 3apsnoB. Hammcate BbeIpaxeHHE IS
ANIEKTPUUYECKOTO MOJISI HETTOABUYKHOTO JTUIIOJIS.

40. Jlatp ompeneneHue KBaJIpYMOJILHOTO MOMEHTa CHUCTEMBI 3apsnoB. Hamucats Gopmyny s
SHEPTUH KBAAPYIIOJIS BO BHEIIHEM CJ1a00-HEOJHOPOIHOM SIIEKTPUUECKOM TOJIE.

41. Hanmucate ycnmoBue kanmuOposku Jlopenia.

42. Harucats ypaBHEeHUE [Uis oTeHIMai0B. (BoiHOBOE ypaBHEHHE C HCTOYHHKOM).

43. latb onpenenenue npeodpasoBanus Pypre (koopanHara-Bpemst). Hamucars BeipaskeHue JUist
00paTHOTO MpeoOpa3oBaHUE.

44. Hanucarp Belpaxenue Juist QyHKIMHU ['pruHa BOJTHOBOTO ypaBHEHUS.

45. Hanmucathb BBIpaKCHUS JIJI5 3aMa3/IbIBAIOIINX TOTCHIIMAJIOB.

46. ChopMynmupoBarh yCIOBUS TPUMEHUMOCTH JTUTIOJILHOTO TTPHOIIFKESHUS

47. Hanucath BhIpakKeHHE JIJIs1 TOTCHIIMAJIOB B TUTIOJIBHOM TTPUOIMKEHHUH.

48. Harrcars BBIpaXCHHE JUTSI YITIOBOTO PACTIPEICIICHIE U3ITyUSHUS JTUITOJSL.

49. Harucats hopMyIny it MHTCHCUBHOCTH U3ITyICHUS JTUTIONIS.

50. Hamucate ¢opmyity 11 HHTEHCUBHOCTH M3TY9CHUS KBAAPYIOJS U MATHUTHOTO JUTIOJS.

IIpumepHBIii HepeyeHb KOHTPOJIbHBIX BONPOCOB B OMJIETAX.

1) Hanumure (0e3 BbIBOAa) ypaBHEHUs: MakcBeiia JUisi HANPsHKEHHOCTEH JIEKTPHUYECKOTO \VEeC
E u marautHOrO \VeC H moseii. [Tokaxkure, Kak U3 3TUX ypaBHEHU# BbIBOAATCS 'Teopema [aycca”
JUIS  CTAlMOHAPHOTO JJIEKTPUYECKOTO TMOJIsA, ''TeopeMa O UUPKYISIHUH' ~CTalMOHAPHOTO
MarHUTHOTO TTOJISI ¥ 3aKOH 3JIEKTPOMAarHUTHOM UHAyKIMn Dapanes.

2) Hamumure (6e3 BbIBOJA) ypaBHEHHsS MakcBesuia IS HAaNpsHKEHHOCTEH 3JIeKTpHUEcKoro \Vec
E wu wmarmutHoro \vec H moneii. BeiBeaure u3 3THX ypaBHEHHH 3aKOH COXpaHCHHUS
ANIEKTPUUECKOTO 3apsina B auddepeHnnanTsHOl W WHTErpadbHOM (Gopmax. Hammmure sBHBIC
BBIPAXKCHUA JIA IUIOTHOCTEN 3apsiga U TOKa TOYCUHBIX YaCTHIL, ABMXXYHIUXCA IO HN3BECCTHBIM
TpackTopusiM. [lOKaKWUTE, YTO O3TH BBIPAKEHHUS COWIACYIOTCS C 3aKOHOM COXPaHCHHS
ANIEKTPUUECKOTO 3apsiia B quddepeHmaibaoi hopme.

3) Harummmre (6e3 BBIBOAA) ypaBHEHHsT MakcBesuia Ui HaIpsHKEHHOCTEH eKTprudeckoro \vec
E u wmarautHOro \veCc H moneii. UTo Ha3pIBalOT CKAISPHBIM M BEKTOPHBIM IOTCHIHAIAMHU
SIIEKTPOMArHUTHOTO TOJsA? BrIBeauTe ypaBHEHHs sl 3THUX MNOTEHIMAIOB. YTO Ha3bIBAIOT
KaJIMOPOBOYHO#  (TpaJMeHTHON) WHBAPUAHTHOCTBIO YpPaBHEHUH dnekTpoauHamuku? Urto
Ha3bIBAIOT KaJIMOPOBOYHBIMU YCIOBUSAMHU sl MOTeHUUanoB? Kak BBINIAIAT ypaBHEHUS AJs
MOTEHIMAJIOB B KYJIOHOBCKOW U JIOPEHIIEBCKON KaJIMOpOBKax?

4) Hanummre (6e3 BbIBOAA) nubdepeHimanbible ypaBHeHus aas noist \vec E, cozmaBaemoro
HETOIBMYKHBIMU 3apsiiaMu. BeiBenuTe U3 3TUX ypaBHEeHHH "Teopemy ['aycca" m momydure mosie
TOYCYHOIO 3apsaa. BeiBenmute w3 Tex ke ypaBHeHuit s \veCc E ypaBuenme Ilyaccoma mms
cKajsipHoro moreHnuana. Ilomyuute siBHOE BhIpakeHuWe I (yHKIUU [puHA ypaBHEHUS
ITyaccona, 0CHOBBIBasICh Ha 3HAHWUU TOJISI TOYEUHOTO 3apsaa. Hamumure ¢popmanbHOE perieHne
ypaBHeHus [lyaccona, BelpaskeHHOe yepe3 QyHkiuio ['puHa.

5) Hamumure (6e3 BbIBOjA) SIBHOC BBIpAXEHHUE JIUIs SHepruu mois \VeC E, cosmaBaemoro
HETOIBY)KHBIME 3apsilaMi, B BUJIC MHTErpajia OT INIOTHOCTH SHEPTUH. BrIpa3ute 3Ty SHEpruio, a
TAK)KE OSHEPIMU B3aMMOJCUCTBHS OTJACIBHBIX IOJCHCTEM 3apsoB JPYyr C JAPYroM uepes
noteHmansl \varphi u miotHoctu 3apsiga \rho. Tlomydurte siBHBIC BBIPAXKEHHS IS SHEPTUH
CHCTEMBI 3apsI0B B IIOCTOSIHHOM CJ1a00 HEOJHOPOIHOM JIEKTPUUECKOM TI0JIe, & TAKKE JIJIsl CHUIIBI
U MOMEHTa CWJI, JCUCTBYIOIINX HA ATy CHUCTEMY, OTPAaHMYHMBAsCh MOHOTIOJILHBIM H JTUIIOJbHBIM
CllaraeMbIMH.



6) Harnmmmre (6e3 BbIBosa) auddepeHnanbHble ypaBHeHus st nons \vec H, cozmaBaemoro
CTalMOHAPHBIMH TOKaMH. BrwiBenmute ypaBHeHue IlyaccoHa Juiss BEKTOPHOTO IMOTEHIMANa M
HamuIuTe (OpPMAIbHOE PELICHHWE JTOr0 ypaBHEHHS, BBIpaKeHHOE uepe3 ¢yHkuuio [puHa.
[Monyunte 3akoH bruo u CaBapa ais momst \veC H, coznaBaeMoro Tokamu, pacrnpenenéHHbIMU O
00BbEMY, a TaK)Ke TOKAMH, TEKYIIIUMH [0 TOHKHM TIPOBOJIAM.

7) Hanumure (6e3 BeIBoA) ypaBHeHUs: MakcBeuta ajis Hanpspkénnoctei \vec E u \vec H. Uro
Ha3bIBAIOT CKASIPHBIM ¥ BEKTOPHBIM MOTEHIMAAMU 3JIEKTPOMarHUTHOro mnojis? BeiBemure
YpPaBHEHUS JIISI MOTCHIMAJIOB IEKTPOMAarHUTHOTO TI0JISl B BAKYYME B KYJIOHOBCKO# KaJIHOpOBKE.
[TonyuuTe siBHBIC BBIpOKEHUS JUIS TOTCHIMAIOB H HanpsbkéHHocteir \vec E u \vec H
IEKTPOMAarHUTHOIO TMOJIA IUIOCKOM MOHOXPOMAaTHYECKOM JIMHEWHO MOJISPU30BAaHHOM BOJIHBI,
PacIpoCTPaHSIONICHCS B IPOU3BOJILHOM HANpaBjieHHH (BIOJIb SIUHUYIHOTO BekTopa \Vec n).

8) Hanmmmure (0Oe3 BbIBOja) sSIBHbIC BBIpaXEHUs Uil HanpsbkéHHocteidr \vec E u \vec H
NIEKTPOMAarHUTHOIO IIOJIA IUIOCKOM MOHOXPOMAaTHYECKOM JIMHEWHO MOJISPU30BAaHHOM BOJIHBI,
pacnpoCTpaHSIONICHCS B BaKyyMe€ B MPOM3BOJILHOM HANpaBICHHH, W TOKAKHUTE, YTO I3TH
BBIDOKCHUS  YIOBICTBOPAIOT ~ ypaBHeHHsiM MaxkcBeimia.  OOBSICHUTE, YTO  Ha3bIBAIOT
SJUTMITUYECKHU TOJIIPU30BAHHON BOJHOM M KOMIUICKCHBIM €IUHUYHBIM BEKTOPOM MOJISPH3ALINH.
YTo Ha3bIBAIOT BOJHOBBIM 4-BEKTOPOM (B CBSI3M C HHBAPUAHTHOCTHIO (Da3bl BOJHBI)?

9) Hammmute (Oe3 BhIBOja) ypaBHeHWsi MakcBeiuia it Hanpspbk€HHOcTed \vec E u \vec H.
OObsICHUTE, KaKMM OO0pa3oM IMPEIIOJI0KEHHE O CIHPABEIJIMBOCTH ITHX YPaBHEHHH BO BCEX
UHEPIUATBHBIX CHCTEMax OTCU€Ta BEAET K YTBEPXKICHUIO O CIPABEIJIMBOCTH MPeoOpa30OBaHHi
JlopeHiia yisi BpEMEHHBIX U MPOCTPAHCTBECHHBIX KOOPAWHAT COOBITHIA TP MEPEX0axX U3 OJHHUX
UHEPIMATbHBIX CUCTEM B Apyrue. BoiBeaute nmpeobpasosanus JlopeHiia.

10) Yrto Ha3bIBAIOT MPUHIIMIIOM OTHOCHUTEILHOCTH M MPUHIIMIIOM TOCTOSIHCTBA CKOPOCTH CBETa?
YeM NOATBEP)KAACTCS CIIPABEUIMBOCTD ATHX NMPUHIUTIOB? OOBSICHHUTE, KAKMM 00pa3oM H3 ITHX
IPUHLMIIOB CJIEyeT YTBEPXKACHHE O CIpaBelIMBOCTH mpeoOpasoBanuil Jlopenma ans
BPECMCHHBIX MW HPOCTPAHCTBCHHBIX KOOpPAWHAT CcOOBITHH nopu nepexoaax U3 OAHUX
MHEePLUHUABHBIX CUCTEM B Apyrue. BeiBeaure npeodpazoBanus JlopeHa.

11) Yro Ha3bIBalOT KOHTPABAPUAHTHBIMH M KOBapUaHTHBIMH 4-TeH30pamu (4-BekTtopamu)?
HamumuTe 3akoHBI MpeoOpa3oBaHUsl COCTABISIOIIUX 4-TEH30pOB TPU TEPEXOJax M3 OIHUX
UHEPIHAIBHBIX cHcTeM B Jpyrue. OObBSCHHTE, 4YTO HAa3bIBAIOT CJIOKCHHUEM, BHEIIHUM
YMHOXXEHHUEM M CBEPTKOM 4-TeH30poB. JlokaxkuTe, 4TO CBEPTKH 4-TEH30pPOB BEAYT K
WHBapHaHTaM WM HOBBIM 4-TeH3opaM. [IpuBemute mpumepsl 4-BeKTOpPOB U 4-TEH30pOB, UX
CIIO)KEHHMS1, BHEIIIHETO YMHOXEHHUS M CBEPTOK (B 4aCTHOCTH, 00CYnUTE 4-rpajiueHT).

12) Yro Ha3bIBAIOT KOHTPABApUAHTHBIMH M KOBapHaHTHBIMH 4-TeH30pamu (4-BEeKTOpaMu)?
Hanummre 3akoHbl mpeoOpa3oBaHUsl COCTABISIIOMIMX 4-TEH30pPOB MpPH Mepexojax M3 OIHHUX
MHEPLUATBHBIX cucTeM B Jipyrue. Jlokaxurte, 4to CBEPTKH 4-TEH30pOB BEAYT K WHBAapHAHTaM
Wi HOBBIM 4-TeH3opaM. Uto Ha3pIBalOT (yHIaMEHTAIbHBIM TeH30opoMm? Kakwe ecth emé
YUCIIEHHO WHBapuaHTHble 4-TeH3opbl? [lpuBenure mnpumepsl 4-BeKTOpoB U 4-TEH30pOB
(oOcymuTe, B 4aCTHOCTH, 4-TpajIMeHT).

13) OOwsicuuTe, B YEM COCTOUT CBS3b MEXKJy NPUHIMIOM OTHOCHTEIBHOCTH U
KOBAPHAHTHOCTHIO (DPM3MUYECKMX 3aKOHOB. UTO HA3bIBAlOT KOBAPHAHTHOM 3alMCHI0 ypaBHEHUH,
BhIpaKarOMMX (usnueckue 3akoHbl? Hamwmmmrte (0e3 BbIBOJA) BOJHOBBIC YPaBHEHHUS LIS
CKaJIIPHOTO M BEKTOPHOTO MOTEHIMAJIOB 3JEKTPOMArHUTHOTO TIOJIS B BAKYyME U KaIHOPOBOYHOE
yCIIOBHE, KOTOPOMY IPH 3TOM YIOBIETBOPSIOT MOTEHIMAaIbl. OOBSICHUTE, KaK 3amucarb 3TH
yYpaBHEHHMS U YCIIOBUE B KOBapUAHTHOU (hopMme.



14) OOwsicuure, B YEM COCTOUT CBSI3b MEXJAYy TNPHHIIMIIOM OTHOCHTEIBHOCTH U
KOBAapHAaHTHOCTBIO (hr3nueckux 3akoHoB. Hammmmre (O6e3 BhIBONA) ypaBHEHHs MakcBeiia st
nosieit \vec E u \vec H, BeiBeuTe U3 3TUX ypaBHEHHI 3aKOH COXPAHEHUS JICKTPUUECKOTO 3apsijia
1 OOBSICHHUTE, KaK 3allKcaTh 3TOT 3aKOH B KOBapHaHTHOM Gopme. OObsICHUTE, KaK peodpasyrorcs
IUIOTHOCTh 3apsijia ¥ IJIOTHOCTh TOKA MPH MEPEX0Jie U3 OJHOM MHEPIHAIbLHOW CHCTEMBI OTCUETa

B IIPYTYIO.

15) Hanwmmure (6e3 BeiBoma) ypaBHeHust MakcBesuta st moiieit \vec E u \vec H. Yto Ha3pIBaroT
ckansapabIM \varphi u BextopabiM \VEC A MOTEHIMAIaMH 3JIEKTPOMAarHUTHOTO 1ojsi? BeiBeaute
U3 ypaBHeHHH MakcBeiuia ypaBHeHus st \varphi u \vec A u 00bsiCHUTE, KaK 3amucarb 3TH
YpaBHCHHUSI B KOBAPHAHTHOW (OpME, B YACTHOCTH, C TOMOIIBIO TEH30pa SICKTPOMArHHTHOTO
nostst. [TosydnTe siBHBIC BBIPaKEHHUS TSl COCTABISIFONIMX ITOTO TEH30Pa.

16) Hamumure (6e3 BbiBO/a) ypaBHeHUs: MakcBeiuia jist noseit \vec E u \vec H. Uto Ha3bIBatoT
ckaysipabiM \varphi u BekrtopHbiM \VeC A MOTEHIMANAMH JIEKTpOMarHuTHoro moussi? UYro
Ha3bIBAIOT KAJTMOPOBOYHBIMH YCIOBUAMU? BriBenuTe u3 ypaBHeHH MakcBelia ypaBHEHHUS JUIs
\varphi u \vec A B NOpEHIIOBCKOI KaTMOPOBKE M OOBSCHHUTE, KaK 3alucarh TH YPaBHCHUS H
COOTBETCTBYIOIIEE UM KanuOpoBouHoe ycioBue JlopeHna B koBapuanTHOU ¢opme. OObsCHUTE,
KaK TpeoOpa3yloTcs CKAISAPHBIA W BEKTOPHBIA IOTCHIMANbl TIPH IEpexoAe U3 OIHOM
MHEPLIUAIEHON CHCTEMBI OTCUETA B IPYTYIO.

17) Hamumute (6e3 BhIBOAA) ypaBHeHUsT MakcBeia - kak B "00bruHOK" opme uepes mosst \vec
E u \vec H, tak u B koBapuaHTHOU (popMe yepe3 TEH30P IMEKTPOMArHUTHOTO oJist. OOBSICHUTE,
KaK CBsI3aHbl CKASIPHBIA M BEKTOPHBIM MOTEeHIMA bl ¢ momssmu \veC E u \vec H, c¢ omnoi
CTOPOHBI, © C TEH30POM OJJIEKTPOMAarHUTHOTO TIOJISA, C APYroi ctopoHsl. [lomydwrte siBHBIE
BBIPQKCHUS JUIS COCTaBJSIFOIIMX JTOTO TEH30pa M BhIBEOUTE (OPMYIIBI, OIMUCHIBAIOIINE
peoO0pa3oBaHUs TUX COCTABISAIONIUX IPU IEPEeX0Je W3 OJHOW HHEPIUAIBHOH CHCTEMBI B

JpYTyIo.

18) Hamumute (0e3 BhIBOAA) ypaBHeHUs1 MakcBeia - Kak B "00buHON" popme uepes mouist \Vec
E u \vec H, Tak u B koBapuaHTHO! (popme uepe3 TCH30P IEKTPOMArHUTHOTO 1oJst. OOBSICHUTE,
KaK CBS3aHbl CKAJSIPHBIA M BEKTOPHBIM MOTeHIMAa bl ¢ momsimMu \veC E u \vec H, c¢ onnoii
CTOPOHBI, U C TEH30POM OJJIEKTPOMArHUTHOTO TOJIA, C APYroil ctopoHsl. [lomyuurte siBHBIE
BBIPAKEHUS ISl COCTABIISIOUINX STOTO TEH30pPa, a TaKXkKe ISl MHBAPHAHTOB AIIEKTPOMAarHUTHOTO
nossi. O6cynuTe CaeCTBHS CYLIECTBOBAHUS 3TUX MHBAPHAHTOB.

19) OOBsicHUTE, BOCIOJIL30BABIIUCH JIATPAHKEBBIM (HOpPMATU3MOM, B YEM COCTOUT CBS3b
3aKOHOB COXpaHEHHsS HMMIYIbCAa W SHEPTUU C OJHOPOJHOCTHIO MPOCTPAHCTBA U BpPEMEHHU.
OObsicHUTE, KaK BBINIAOUT ACHCTBHE AN CBOOOJHON PENATUBUCTCKON YacTHUIIbI, BBIBEIUTE
SBHBbIC BBIPAXKEHMS] [UIsI HMMIYJIbCA W OHEPrHMM STOW 4YacTHUIIBI M YCTAaHOBHUTE CBSI3b C
COCTaBIISIIOIIUMU 4-cKOpoCTH yacTHilbl. Kak mpeoOpa3yrorcst SHEprusi ¥ UMITYJIbC YaCTHUIIbI MIPU
nepexo/ie U3 OAHON WHEPITUATBHOU CUCTEMBI B IPYT'yIO?

20) Hamummwute (0e3 BBIBOAA) SIBHOC BBIPAXKEHHE Ui IMOJHOW WHTEHCHBHOCTH JMIIOJIBHOTO
U3ITyYEHUS U YKAKUTE, IPU KaKUX YCIOBUAX 3TO NPUOIKEHHE SBISETCS CIpaBelIuBbIM. UTo
Ha3bIBAIOT CWJIOM paauanoHHOro TpeHus? llodydnTe sBHOE BBIpAKEHUE U CHIIBI
paZMaIIOHHOTO TPEHHS W OOBSCHUTE HAa KAaKOM-HHUOYIb KOHKPETHOM IIpHMEpe, NMPH KaKuX
YCIOBUSIX TOJNy4CHHOE BBIPAKCHHE MOXET CUUTAThCs BEpHbIM  (0OCYmUTE  TIpenelibl
NPUMEHUMOCTH KJIACCHUYECKOM AIEKTPOANHAMUKH).

21) OOBsiCHUTE, YTO HA3bIBAIOT SIBJICHUEM pacCesHHs 3JIEKTPOMArHUTHOW BOJHBEI (cBeTa) Ha
cucteme 3apsioB. Uto HaspBaloT Aud(EpeHIHATBHBIM U TOJHBIM CEUCHUSMH PACCESHUS?



Haiinute monHoe ceyeHHe paccesHusl IUIOCKOH MOHOXPOMATHUYECKOM BOJHBI Ha CBOOOJHOM
3apsge (ToMcoHOBckoe cedeHue). Uto (M mouemy) Ha3bIBaIOT KIACCHYECKHM PaJnyCcOM
3apsKEHHOM YacTHIIbI?

22) Hamumute (6e3 BbIBOa) ypaBHEHHs MaKkcBeIa Uil HAPsHKEHHOCTEH IeKTpUIecKoro \Vec
E u marautHOoro \vec H moneii. BeiBenute W3 3THX ypaBHEHHI 3aKOH COXpAaHEHHS SHEPTUU
ANIEKTPOMArHUTHOIO moiig B nuddepeHnnansHoil 1 uHTerpanbHoil opmax. OObscHUTE, YTO
Ha3bIBaIOT BeKTOpoM [loitHTHHTA.

23) Hanumute (6e3 BbiBosa) ypaBHeHue [lyaccoHa Jjisi CKaISPHOTO MOTEHIMANA, CO3aBaeMOr0
HENOJBMKHBIMU 3apsiiaMu, U ero (GopMalbHOE pElIeHHe, BhIpakeHHOe yepe3 (yHkuuio ['puna.
BI)IBCI[I/ITC SAIBHOC BBIPAXKCHHUEC JIA IOTCHIMAIA CUCTEMBI HCIIOJABUIKHBIX 3apsA/10B Ha PACCTOSAHUAX
I, MHOTO OOJBIIMX pa3Mepa CHUCTEMbl &, B BHIC psla MO mapamerpy a/l, OrpaHUYMBAsCh
MOHOIIOJIbHBIM, JUIIOJBHBIM W KBAaJAPYIIOJIbHBIM CJIaraCMbIMU. YT0 HaA3BIBAIOT JUITIOJIBbHBIM H
KBaApPYIIOJIbHBIM MOMCHTAMH CUCTEMBI 3ap51):[0B?

24) Hanmmure (6e3 BbIBOAa) ypaBHeHue [lyaccoHa [t BEKTOPHOTO MOTEHIIMAA, CO31aBaEMOr0
CTAIlMOHAPHBIMU TOKaMH, KaJIMOPOBOYHOE YCIOBUE JJIS MOTCHIMANa ¥ (HOPMAIbHOE PEIICHUE
ypaBHEHHUSI, BhIpaKeHHOE uepe3 GpyHkuto [prHa. BeiBenuTe siBHOE BhIpakeHUE JUISl BEKTOPHOTO
MOTEHIMAja CTAllMOHAPHBIX TOKOB Ha OOJBIIOM pACCTOSIHUM OT HHUX, OrPaHUYUBAsCh
JIMITOJIBHBIM ~ ClTaraeMbIM. UTO Ha3bIBalOT MAarHHUTHBIM MOMEHTOM CHCTeMbl TOKOB? KakoB
MarHMTHBIA MOMEHT IUIOCKOTO KOHTYpa C TOKOM?

25) Cucrema TOYEUHBIX 3apsjOB, IBIDKYIIMXCS B OTrPaHUYCHHOH 00JacTH, HAXOIMTCS B
IIOCTOSIHHOM ¢€J1a00 HEOJHOPOJAHOM MAarHuTHOM Imoje. UTo Ha3bIBalOT MAarHUTHBIM MOMEHTOM
TaKkoW cHCTEMbI 3apsi10B? BblpazuTte cuily 1 MOMEHT CWJI, IEHCTBYIOUIMX HA 3Ty CUCTEMY, Yepe3
MarHUTHBI MOMEHT ABWXKYILIUXCA 3apsanoB. Kakoii sHeprueill o61asaeT MarHUTHBIM JTUIIONb BO
BHEIIHEM MarHUTHOM TI0J1e?

26) OObBsICHUTE BKparile, YTO HAa3bIBAIOT JIATPAHIKEBBIM  (OPMATU3MOM:  MPHHIIUIIOM
HaMMEHbIIero AeWcTBUS, (yHKuuer Jlarpanxa, CBS3pI0 3aKOHOB COXPAHEHUS HMITYIbCa M
HHEPrUH C OJHOPOJHOCTHIO MPOCTPAHCTBA U BpeMeHU. OOBsACHUTE, KaK 3alMChIBAETCs AeiicTBUE
JUISL PENIATUBUCTCKOM YaCTHUIIBI B TOJIE U KAaK COTJIACYETCsl BUJI ATOTO JEHCTBUS ¢ KaTMOPOBOUHOM
WHBAapUAHTHOCTBIO YPABHEHWI JIEKTpOJMHAMHMKHU. DBpiBenuTe sBHbIE BbIpaKEHUS IS
0000IIEHHOTO UMITY/IbCA, SHEPTUU U (PyHKIMHU ["aMUIIBTOHA YaCTHIIBI B OJIE.

27) OObsCHUTE BKparTile, 4YTO HAa3bIBAIOT JIATPAHKEBBIM  (OPMATHU3MOM: TMPHHIIUIIOM
HauMeHbIIero neicTBusi, ¢yHkuueil Jlarpanka, ypaBHeHusimu Jlarpamwxka. OObsicHUTE, Kak
3aluChIBaeTCs ACMCTBHE M PEISITUBUCTCKOM YacTUIBI B TOJE, KaK COTNIACYeTCsl BHUJ 3TOTO
JIEHCTBUS C KaIMOPOBOYHOW MHBAPUAHTHOCTHIO YPABHEHHM SJEKTPOJIUHAMHUKU U KaK BBITJISIIUT
¢byakusa  Jlarpamwka. Ilomyumte w3  ypaBHeHui Jlarpanxa ypaBHEGHHsI  JIBHKCHUS
PENATUBUCTCKOM YaCTHIIBI B JIEKTPOMArHUTHOM TIOJIE.

28) OObscHUTEe, B YEéM COCTOMT CBS3b MEXKIY IPUHIUIIOM OTHOCHUTEIBHOCTH M
KOBAapPHAHTHOCTHIO (PU3UYECKUX 3aKOHOB M YTO HA3BIBAIOT MPHUHITUTIOM HAUMEHBIIETO JICHCTBUS.
OOBbsICHUTE, KaK 3aluChIBACTCS JCUCTBUE I PEIATHUBUCTCKOM 4YacTUIBI B Toyie. BriBemuTe
ypaBHEHUS ABUKEHUS YACTHUIIBI B JIEKTPOMArHUTHOM I10JI€ B KoBapuaHTHOU (opme. [lokaxure,
YTO 'MPOCTPAHCTBEHHBIE" COCTABISIONIMNE O3TUX YPABHEHUW SKBUBAJICHTHBI HBIOTOHOBCKUM
YpaBHEHUSM JBUKCHHUS, U OOBSICHITE CMBICH "BPEMEHHON" COCTaBIISFOIICH.

29) Hamumure (6e3 BbIBOjA) ypaBHEHHs, ONKCBHIBAIOIIME JUHAMHUKY IIOJHOTO 4-UMITylIbCa
CUCTEMBl YACTHIL, IBWXKYILUHUXCS B D3JICKTPOMArHUTHOM II0JI€ B HEKOTOPOM WHEpPLUAIbHON
cucreMe Orcyéra. BeIpasure IpaBble 4YacTM 3TUX YPaBHEHHM 4Yepe3 IPOCTPAaHCTBEHHBIE



HUHTCrpajibl OT COCTABJIAOIINX 4-;[1/1Bepr CHIIMN TCH30pa SHCPTHUU-UMITYJIbCA SJICKTPOMAIrHUTHOTO
moysi. OOBSICHUTE CMBICT COCTABJIAIOMIUX 3TOro TCH30paA. Uto Ha3BIBAIOT HH(b(I)CpCHHHaHBHOﬁ
(bOpMOI\/’I 3allUCH 3aKOHA COXPAHCHUS SHCPI'UH U UMITYJIbCA ITOJISI B OTCYTCTBUC ‘laCTI/II_I?

30) Hamwmmute (O6e3 BbIBOAA) ypaBHEHHS MakcBe/ula B KOBapHaHTHOH (OpME U BBIBEIUTE
ypaBHeHust (ypaBHeHus JlagamOepa), ONpenessAione TMOTEHIMANbl IOJs, CO3/JaBaeMble
JIBIOKYIIUMHECS 3apsaamu. [lomydnTe siBHOe BbIpakeHHe AJis 3amasipiBaromieid pynkiuu [puna
ypaBHeHus1 JlamamOepa, OCHOBBIBasch Ha 3HaHmu (yHkuu Ipuna ypaBHeHus Ilyaccona.
Hanumure gopmanbHble pemieHus i NOTEHINAI0B, CO3AaBaeMbIX JBIKYLIUMUCS 3apsiiaMHu,
BbIpa)KEHHBIE uepe3 pyHkIuio [ puHa.

31) Hamummre (06e3 BbIBOAA) ypaBHEHHS M KaIMOPOBOYHBIC YCJIOBHS JIJIS MOTCHIMAJIOB,
CO3/1aBa€MBIX CHUCTEMOM JBHXKYLIMXCS 3apsAJ0B, M UX (OpMalibHbIE PELICHMS, BbIPa)KEHHBIE
yepes 3ama3apBaroniyo Gyaknuto [pura. OObSCHHUTE, TTOYEMY JJI OMMCAHUS MU3TYYCHUS dTOU
CHUCTEMBbI Ha 6OJIBIHI/IX PacCTOAHUAX OT Heé B INOTCHIHAJIaX AOCTAaTOYHO OCTaBUTh TOJIBKO
HanOosiee MeJUIeHHO YObIBarouue ciaraemble. [lodaydnTe sSiBHOE BBIpaKEHHE JUII BEKTOPHOTO
IIOTEHIIMAaJIa B JUIIOJIbHOM HpI/I6JII/DKeHI/II/I n 06’bHCHI/IT€, IIpU KakKnuXx yCJIOBUAX ITO HpI/I6JII/DKCHI/IC
SABJIACTCA CITPABCHJINBBIM.

32) Hanummurte (0e3 BbIBOJA) 3ama3ibIBalOIIME MOTEHIMAIBI, CO3/IaBACMbIC JIBHIKYIIUMHUCS
3apsilaMH, W SIBHOC BBIPaXCHHE JIJISI BEKTOPHOTO TOTCHIIMANA B JAMIIOJBHOM TMPHOIMKCHUU.
VYkaxuTe, TIpU KakuX YCIOBHUSAX ATO MNPUOMMKEHUE SIBISETCA CHpaBedsIuBbIM. B ToMm ke
JIUTIOJIEHOM TTPHOJIFOKEHUH MTOJTYYHTE IBHOE BBIPKECHUE IS CKAJISPHOTO MOTEHIMANIa U HaluTe
mosst \vec E u \vec H B BomHOBOI1 30He. OOBIACHUTE, YTO HA3BIBAOT OJIVIKHEH WM BOJHOBOU
30HaMH.

33) Hamummurte (6e3 BbIBOJA) 3ama3ibIBalONIME IOTEHIMAIBI, CO3/aBA€MbIE JIBHIKYIIIUMHCS
3apsAaMy, W SIBHOE BBIPAKEHHE MJIsi BEKTOPHOTO TOTEHIIMAjIa B JUIOJIHHOM TMPHUOIMKEHUH.
VYkaxxuTe, TpU KaKUX YCIOBHSIX HTO NPHOIMKEHHE SBISCTCS CHOpaBeUIMBBIM. B ToMm ke
JUIOIBHOM TPHUOMKEHHH TOJYYHTE SIBHOE BBIPAKEHHE Ui MarHuTHOro mojis \vec H.
OOBSICHUTE, YTO HA3BIBAIOT OJMKHEH M BOJHOBOW 30HAMH M Kak MeHsieTcst moje \vec H mpu
IIEPEX0JIEC U3 OJHOM 30HBI B IPYT'YIO.

34) Hanummute (6e3 BbIBOJA) 3ama3ibIBAlONIME MOTEHIIMAIBI, CO3/AaBACMbIC JIBHIKYIIUMHCS
3apsilaMH, W SIBHOC BBIP@XXCHHE JJISI BEKTOPHOTO TMOTCHIIMAA B JAMIIOJBHOM MPHOIMKCHUU.
VYkakure, MPH KAKUX YCIOBHSX OSTO MNPHOJMKEHUE SBISICTCSA CIPaBEJIMBBIM. B ToM ke
JTUTIOJIBHOM TPUOJIV)KCHUH TOJYYUTE SIBHOE BBIPOKEHHE JJIi MarHUTHOTO mojisi \veC H B
BOJIHOBOI 30He. Haiimute sBHOE BBIpaXEGHUE I TOJIHOW HMHTEHCHMBHOCTH JMIIOJIBHOTO
U3JTyYCHHUS.

35) Hamummre (0e3 BBIBOAA) 3ama3JbIBAIONIMN BEKTOPHBIA TMOTEHIMAT, CO3/J1aBaeMbIil
JBWKYIIUMUCS 3apsjaaMu. BpIBenuTe SBHOE BBIPAKEHHE [UIsl BEKTOPHOIO MOTEHIMANIA,
OTMCHIBAIOIIETO W3JTydCHUE, B BHJE psAAa MO mapaMeTpy V/C, rae V - xapakTepHas CKOPOCTb
3apsJI0B, OTPAHUYUBASACH JTUTIOJIBHBIM, MAarHUTOUIIONBHBIM U KBAJAPYIOJIBHBIMHU CJIAaraeMbIMHU.
Cuurtass JAWMNONBHBIMN W  KBAAPYMOJBHBIA BKJIAAbl PABHBIMH HYIIO, HAWAWTE TOJIHYIO
WHTEHCUBHOCTh MAarHUTOAMIMOIBHOTO u3MydeHus. [lpuBeauTe mnpuMep MarHUTOIUIIOIBHOTO
U3ITyqaress.

36) Hamummre (0e3 BBIBOJA) 3ama3abIBAIONIMK BEKTOPHBIA IMOTEHIMAN, CO3/JaBaCMBbIii
JBIDKYIIUMKCS  3apsiiaMd. BbIBeIuTe SBHOE BBIPAKCHHE [UIS BEKTOPHOTO TMOTCHIIMAIIA,
OTIHMCHIBAIOIICTO M3JyYCHHE, B BUJC pAAa MO mapameTpy V/C, Tae V - XapakTepHas CKOPOCTh
3apsiIoB, OTPAHUYMBASCH JMIIOJIBLHBIM, MArHUTOAMIIONBHBIM M KBAJIPYMOJbHBIMU CJIaracMbIMHU.



Cuurass AUNONBHBIA M MarHUTO-JAMINOJNBHBIM BKIJIaJbl PABHBIMU HYIIO, HaWIUTE MOJIHYIO
MHTEHCUBHOCTb KBaJPYIIOJIBHOIO U3inydeHus. [Ipusenure npumep KBaapyrnoabHOTO U3Jydarels.

37) Hamummre (0e3 BBIBOJA) SIBHOE BBIPAXKECHHE MJIsi BEKTOPHOTO TOTCHIMANA B JHMIIOIHLHOM
NpUOMIKEHUH U YKaXHUTE, IPU KaKUX YCIOBUSAX 3TO MPUOIMKEHUE SBISIETCS CIpaBeAiuBbIM. B
TOM K€ JHIIOJILHOM TPHONMKEHUU MOJIYYUTe MArHuTHOe mojie \WeC H B BOJHOBOI 30HE.
Haiimute siBHOE BBIpaKCHHE I YIVIOBOIO pacIpeneiieHuss ycpeaHéHHoi (10 BpEMEHH)
WHTEHCUBHOCTH JWIOJIBHOTO H3Jy4YeHHs B cCllydae, KOTJa HW3JIydaeT 3apsji, COBEpIIArONIUi
rapMOHUYECKHE KoeOaHusl BAOIb OCH Z.

38) Hamwmmwmre (6e3 BbIBOJA) SBHOE BBIPAKCHUE JJIsi BEKTOPHOTO MOTEHIMANIA B JHIIOIBHOM
NpUOIMIKEHUH U YKQXUTE, IPU KaKUX YCIOBUSAX 3TO MPUOIMKEHUE SIBISIETCS CIpaBeasiuBbIM. B
TOM € IHUIOJBHOM TMPHOIVKEHUH MOJy4yHTe MarHuTHoe mojie \VeC H B BOJHOBOIl 30HE.
Haiiqure siBHOE BBIpaKCHHE JUIS YIVIOBOTO paclpefeicHus ycpeqHEéHHOH (Mo BpeMeHH)
MHTCHCUBHOCTH [UIIOJIBHOIO M3IY4CHHA B Clydae, KOIJa M3JIy4aeT 3apsj, COBEPLIAIONIUN
PaBHOMEPHOE JBUKEHHUE 110 OKPYKHOCTH BOKPYT OCH Z.

39) Hamumwure (0e3 BbIBOJA) SIBHOE BbIPAXKCHHE ISl TOJTHOW HHTEHCHMBHOCTH JMIIOJBHOTO
U3ITyYEHUS] U YKAKUTE, TIPU KaKUX YCIOBUAX ITO MPHUOMIKEHHE SIBISCTCS CIpaBeNIUBBIM. UTO
HA3BIBAIOT CHEKTPAJbHOM TIOTHOCThIO wu3nyueHus? I[lomyunTe sBHOE BBIpaOKEHHE IS
CIIEKTPAJIbHOM IJIOTHOCTH JUIIOJIBHOTO U3JIYyYEHUS.

40) Hamummrte (0e3 BBIBOJA) 3ama3iblBalOIAE TOTEHIMANbBI, CO3[aBacMbIe  3apsiioM,
JBYOKYITUMCSI TIO M3BECTHOM TpaekTopuu. [IpuBeauTe 3TH 3ama3apIBaoniue MOTCHIIUABI K BUILY
Jluenapa-Buxepra. OObsicHUTEe (KaueCTBEHHO) OCOOCHHOCTH YIVIOBOTO  pacIpeieieHHsI
U3JTY4YCHUs] OBICTPO IBWXKYIIETrocs 3apsna. [IpuBemure mpuMep HM3Ty4arolmedl CHCTEMBI, s
KOTOPOM 3T 0COOEHHOCTH OOHAPYKUBAIOT CeOs1 SBHBIM 00Pa3oM.

41) 3BapspkeHHas dvactuna (BooOIE TOBOPs, PEIATHBHCTCKAs) IBMKETCS MO OKPYKHOCTU B
MOCTOSTHHOM U OJIHOPOJHOM MAarHUTHOM Toyie. Haiimute MoNHy0 MHTEHCUBHOCTh M3IIyYCHUS U
BbIpa3uTe €€ 4Yepe3 paauyc OpOUTHI, SHEPTUI0 U CKOPOCTh 4acTUIpl. OOcymuTe H3MEHEHHE
WHTEHCHBHOCTH W3JIy4CHUS] TIPU TEPEXOJe OT HEPEISTHBUCTCKOTO pEeXHMa JBIKCHHS K
pensituBucTckoMy.  OObsicHuTe  (Ka4eCTBEHHO) OCOOCHHOCTH — YIVIOBOTO — PacHpe/eliCHUs
U3JTyYCHHUS PEIIITUBHCTCKOM YaCTHIIBI.

42) PensTUBUCTCKasi 3apsDKEHHAs YacTHUIIA JBMXKETCS MO OKPYKHOCTH C MOCTOSIHHOM YIIIOBOM
cKOpoCThI0. OObsicHUTE (Ka4eCTBEHHO) OCOOCHHOCTH YITIOBOTO PacHpeiesiCHHs U3y9eHHs 3TN
yacTupl. OueHnTe (Ka4eCTBEHHO) MIMPHHY CHEKTpa U3JIyYCHUSI B HANIPABICHUH MAaKCUMAaIbHOW
WHTEHCUBHOCTH U3JIy4EHHUS.

IIpumepHbIii epedyeHb 3a1a4 B KOHTPOJIbHBIX 32IaHUSX.
3aganue Ne 1.

1. Hagano xoopauHat cuctembl K’ JIBYDKETCS CO CKOPOCTBIO V= OTHOCHUTEJIBHO CHCTEMBI
K, a ocH KOOpIMHAT COCTABJISIOT CO CKOPOCTBIO V T€ € CaMble YIIBI, 9TO M OCH cUCTeMBbI K.
3anucarp Marpuily npeobpaszoBanuii Jlopenia u3 cucremsl K B cucremy K’ (a Takxke Marpuiry
obOparHoro mpeobpasoBanus). ONpeAeTUTh MOJOKEHHE OcCei B cucreme K B MomeHT
Bpemenu t=0 o gyacam cucremsr K.

VYkazaHue: MpeJICTaBUTh PATUYC-BEKTOP I B BUAEC CyMMBI MapajlieIbHOTO U

MEPIEHIUKYISIPHOTO CKOPOCTHU V BEKTOPOB: =r1+r2, e r1=(rv)v/v|],r2 =r- (r,v)v/vl].



2. OmpenenuTh OTHOCUTEIBHYIO CKOPOCTh CTAJIKHBAIOIIMXCS IPOTOHOB B YCKOPHUTEIE CO
BCTPEYHBIMM IyYKaMH, €CJIM 3Heprus npoToHoB B kaxjaom myuke 5000 I'3B. Kakoa nomxna
ObITb SHEPrusl HAJETAIOLUMX HPOTOHOB, 4YTOOBI CTOJIKHOBEHHME C TOKOSIIMMCS MPOTOHOM
MIPOMCXOJIUIIO C TOU K€ OTHOCUTENIbHOW CKOPOCThIO?

3. TOHKI/Iﬁ CTep)KeHB, SaHyHICHHBIﬁ CO CKOpOCTBIO Vv OTHOCHUTCIIBHO CUCTCMBEBI K, BHUACH B
HEH BepTUKalIbHBIM. [I0Ka3aTh, 4TO B COMyTCTBYIOMICH cTepskHIOo cucteme K’ (cm. 3amauy Nel)
OH OyJIeT MOBEPHYT OTHOCUTEIIFHO BEPTUKAIH Ha YTojl (| TAKOH, YTO

- - - {4 )2
tg(g+j)=gtgi, tgj= ,g=Lv1- (/)
OTKyza

tg g=(g-tg j/(1+atdli).

4. Ha yacTuiry, ABHXKYIIYIOCS CO CKOPOCTBIO V, ACUCTBYET CHJIa, COOOIIAIOINIas €l yCKopeHue W.
Onpenenutk, ¢ KaKo¥ yIIIOBOM CKOPOCTHIO OyZIeT MOBOPAUMBATHCS CITUH YACTHUII OTHOCUTEIHHO
71a00paTOPHOM CUCTEMBI OTCYETA, €CIM CUIa, JEHCTBYIOIIAs Ha YacTUIly, HE JEHCTBYET Ha €e
crimH (npeneccust Tomaca).

OtBer:

w:gU}’(g +1)[W,V]/C[|.

Vka3zaHue. HCIIO0JIb30BaTh PE3yabTaT 3aga4uun Ne 3.

5. Jlokasatrp, 4T0 TPEXMEPHBIE TEH30PBI
d wme  sBISAIOTCS MHBAPHAHTHBIMH TEH30PAMHU.

Brerancauts CBEPTKHU

a)
d dsvdwed

0)e e ,e e ,e e ;

MOKOOP/IMHATHO MPOBEPUTH, 4TO C = [a,D] s3xBHBaneHTHO

$c =e as_{\beta}b

6. PackpbITh B TEH30pHBIX 0003HAYEHUSX BBIPAKECHHS

rotrot A, rot[a,b], rot(fA), div(fA},div[a,b], grad(a,b).

Beruuciuts: a) rot[w,r], grad(a,r), roe W, & — MOCTOSIHHBIC BEKTOPBHI;
0) gradr, divr, (a )r, grad f(r), rot a(r), div a(r), (r=|r|).

7. Jlia monmydeHHss (-KBaHTOB BBICOKOW SHEPIMM HABCTPEYy ITYYKY SJIEKTPOHOB C DHEPTUCH
E=200 I'»B BeicTpenuBaer nasep ¢ sHepruer ¢oroHoB €= 2 3B. Kakyro sHepruto OymyT uMeTh
doToHBI, paccessHHbIC Ha3a? HaliTk 3aBUCUMOCTB 3HEPTrUH (POTOHOB OT YIJIa PACCESTHHUS.

8. B yckoputesne Ha BCTpEUHBIX My4KaX UAET peaklus

e te m +m

3Hasi PHEPruI0 KaXKJ0ro M3 MYYKOB € M € , HAWTH SHEepruto U UMIyiabchl M u M . Kakos
SHEPTeTHUYECKUI Topor 3Toil peaknun? CpaBHUTH C TOPOTOM B Cilydae, KOTJa YCKOpEHHBIE
MTO3UTPOHBI I1AJJAI0T HA HEITOJABUKHBIE MIEKTPOHBI.

9. s HEUTpUHO, 00pa3yIOIIUXCS IIPHU pacIiaze
p-mMe30HOB ¢ sHeprueir 6 9B (macca p-me3ona 140 M»3B, macca m-mezona 105 M»B),
ONPEIEIUTh SHEPIreTUYECKUN CIIEKTP, UX MAKCUMAJIbHYIO U CPEIHIOI0 S3HEPIUU U YIIIOBOE



pacnpeneneHue, €CJid U3BECTHO, YTO B CUCTEME ITIOKOs P-ME30Ha
pacman p m+n MMPOUCXOAUT U3O0TPOITHO.

10 ITnockoe 3epKayio IBHKETCs CO CKOpPOCThio $V$ B HampaBieHnu cBoeir Hopmaiu. Ha 3epkaio
najaeT MOHOXpOMaTHuYecKas BOJIHA 4YacTOToM W moa ymioM (¢ K Hopmanu. OmnpenenuTtb
HampaBjIeHHE M 4YacTOTy OTPAKEHHON BOJHBI, CUMTAas, 4YTO JMJIs TOKOSIErocs 3epkaja
CIIPaBeUIUB OOBIYHBIN 3aKOH OTPAXKEHHUS.

11. Tlokazarh, 4TO OAHOPOITHOE MAarHUTHOE TIoJie H, HampaBieHHOE
no ocu Oz, MOXeT OBITh ONMCAHO BEKTOPHBIM ITOTEHIIHAIIOM

A = (0,Hx,0).

I'pasueHTHBIM IpeoOpa3oBaHueM HepeiT Kk nmorenmany A=1/2[H,r].

12. MaruauTHO€ 10J1€, HanpasieHHoe mo ocu $0z$ B1ob 510# OCH, YOBIBAET C
IIOCTOAHHBIM FpaﬂI/IeHTOM

MokeT JIu ToJNe BO BCEM IPOCTPAHCTBE OCTaBaThcs MapauienbHbM ocu  Oz? Haiitu
panuanbHble KOMIOHEHTHI 1ot BHe ocu Oz. [IpeacTtaBuTh KapTUHY CHUIIOBBIX JTMHUI.

13. Haiitu ABM>KEeHUE PEISTUBUCTCKON YaCTUIBI MACChl M U
3apsia € B MepPHeHIUKYISIPHBIX JIEKTPUUYECKOM M MarHUTHOM nouisix E u H.

14. Yactuna c¢ maccoit $m$ u 3apsgom $e$ nBrmkeTcs B MAarHUTHOM IOJ€ B IUIOCKOCTH,
HEPIEHIUKYIAPHON HanpasieHuto 1mojs. OnpenenuTs W3MEHEHHE SHEPIUM YaCTHIbI 34 OIUH
000pOT B Cllydae, KOIjia MAaTHMTHOE OJIE MEUIEHHO MEHSETCS CO BpEMEHEM (TaK, 4To
U3MEHEHUE II0JI8 3a IEPHOJ JBWKEHUS Majo II0 CPAaBHEHHMIO C CaMHM 3HAYE€HHMEM IIOJIs).
JlokazaTh, 4YTO BeIWYHMHA pﬂ:l/H ocraercsi TOCTOSHHOW (T.e. SBiIIETCS aauabaTHYeCKUM
MHBAPMAHTOM). BBIUMCINTL M3MEHEHHE paauyca OPOUTHI M DHEPTUM YACTHIbI, €CIH II0JE
n3MeHniIock ot 3gauennsa Hi mo H2.

15. Monyunuts dopmyny F = (m )H ama cuisl, AeHCTByrOIed Ha MarHUTHBIA JUIOIbL B
HEOJHOPOJHOM TIOJIE U HAWTH B HEPENATHUBUCTCKOM CJIydae ypaBHEHHE IBUXKEHHUS BEAYIIETO
[EHTpa OpOUTHI 3apshKkeHHON YacTullbl. (ITone Mamo MeHseTcst Ha pacCTOSHUSX MOPSIKA paanyca
OpOUTHL.)

3aganue Ne 2

16. OmpenenuTh MOTEHIUAIBHYIO SHEPTUIO B3AaUMOICHCTBUS IBYX
nunonei ¢ momenramu di u di.

17. 3apsin anekTpoHa pacrpeesieH B OCHOBHOM COCTOSHMM aTtoMa BOJIOPOZAA C IUIOTHOCTBIO
ANIEKTPOHHOTO O0aka

3apsij AIEKTPOHA, OopoBckuit pamuyc ( cMm). Haiiti sHepruio B3amMoaeHCTBHS
ANIEKTPOHHOTI'0 00JIaKa C SIAPOM:

a) CUMTAs SIIPO TOUCUHBIM 3aPSIOM;

0) cuutas sAapo chepUUeCKU-CHMMETPUYHBIM 3apsDKEHHBIM IIAPOM  pajuyca CcM,
IIOJIYYUTh OTBET ISl YACTHOI'O CIIy4asi PABHOMEPHO 3apsHKEHHOIO 1apa.



18. Haiitu TeH30p KBaJpyHOIbHOIO MOMEHTA PABHOMEPHO
3apsHKEHHOIO JUIMIICOM 1A BPAILlEHUsI OTHOCUTEINIBHO €ro 1eHTpa. Haitu
ANIEKTPUYECKOE T10JIe Ha OOJIBIIMX PACCTOSHUSX.

19. Beruucnuth cpeaHue 3HaYCHUSI POU3BEICHUN
€IMHUYHBIX BEKTOPOB:

Ycpennenue BeneTcs 1Mo eAMHUYHON chepe

20. OmpenenuTh MEKTPUIECKOe U MATHUTHOE TI0JI€ TAPMOHUYECKH KOJICOJIOIIErOCs TUTIONS Ha
PacCTOSHUSX, MHOTO OOJIBIIIUX Pa3MEPOB JAUITONS (HO HEOOsI3aTeIbHO OOJIBIINX JTUHBI BOJIHBI).

21. JlBa 3apsima ( ) Omaromapst KyJIOHOBCKMM CHJIaM OOpaIlaroTCsi OJUH BOKpPYT
JPYroro mo KpyroBoit opoute pagmyca $R$. Onpenenuts SHEPIUIO, TEPIEMYO Ha H3ITyUICHHE 32
oauH 000poT. HailTu 3aBUCHMOCTBH pacCTOSHUS MEXIYy 3apsaaMHu OT BpemeHu. OmnpenenuTtb
BpEMsi, 32 KOTOPOE OJIMH 3apsi/ yrajaeT Ha JPyroi.

22. ]IBa oTHOMMEHHBIX 3apsiaa ( ) HCIIBITHIBAIOT JI0OOBOE CTOJIKHOBeHHE. OnpenenuTh
U3IYYEHHYIO SHEpPIuio, €ClM 3ajJjaHa MX OTHOCUTENIbHAsi CKOPOCTbh Ha OECKOHEYHOCTH
Paccmotpers ciyuai c1/m = ey/mg,

23. HaiiT SHEpruro U3aydeHus peSTUBUCTCKOTO AIIEKTPOHA B

OJTHOPOJIHOM MAarHUTHOM TOJI€ 3a OJTMH 000pOT. HaiiTH MosTHy0 MOIIHOCTH (B

MeraBarTax) CHHXPOTPOHHOTO M3JIYYEHHS B HJICKTPOH-TIO3UTPOHOM YCKOPUTEIIE HA BCTPEUHBIX
myukax ¢ sHeprueit 100 ['B.

JlinHa okpykHOCTH yekopuTens 30 KM, YHCIIO YCKOPSIEM BIX YacTHII B

KOJIBIIE - 1012iiS{\l’m 5\cdot 10"{12}}$. OrieHuTH XapaKTEPHYIO JUTHHY BOJIHBI

U3ITydCHUSI.

24. Tly4ok pensTUBHCTCKHX SJIEKTPOHOB IPOJIETACT Yepe3 TUIOCKUN KOHIIEHCATOP, K KOTOPOMY
MIPUJIOKEHO IIEPEMEHHOE JJIEKTPUUYECKOe Ioyie ¢ 4acTtoro . HalTu 4dactoTy usiydeHus
SJICKTPOHOB B 3aBUCHUMOCTHU OT yIJid q MCKAY Ha6JIIOI[aTeHeM H HaIIpaBJICHUEM

JABWIKCHUS ITyYKaA.

25. Haiitn nuddepeHnmanbHOe U TOJTHOE CEYCHHS PACCEsHUsI €CTECTBEHHOTO CBeTa (a Takke
JMHEHHO MOJISPU30BAHHOTO) C YACTOTOW W OCIMIUISITOPOM C 3aTyXaHUEM.

IIpumepbl 3K3aMeHANIMOHHBIX ONJIETOB!

Bujer Nel

Hamumute (Oe3 BeIBOa) ypaBHEHMsT MakcBeIuia sl HanpsHKEHHOCTE aekTpudeckoro \vec E u
marautHoro \vec H momneii. ITokaxkute, Kak W3 3THUX ypaBHEHHH BBIBOAATCS "Teopema [aycca"
JUISL  CTAI[MOHAPHOTO JJICKTPUYECKOTO TIOJsA, 'TeopeMa O IMHPKY/ISAIUH CTAIMOHAPHOTO
MAarHuTHOTO ITOJIA U 3aKOH SHGKTPOMaFHHTHOﬁ HHAYKIIUN CDapazlesL

Buier Ne2

Harmumure (0e3 BbIBOa) ypaBHEHMsT MakcBeluia Juisl HANpsHDKEHHOCTEl aekTpudeckoro \Vec E u
marHutHOro \vec H moneil. UTo Ha3bIBAIOT CKAISAPHBIM M BEKTOPHBIM IMOTEHIIMATIAMHU
AIIEKTPOMArHUTHOTO TOJs? BrIBeauTe ypaBHEHHs IJsl 3THUX HOTEHIMAIOB. YTO Ha3bIBAIOT
KaJIMOPOBOYHO#  (TpaJMEHTHOW) WHBAPUAHTHOCTBIO YPaBHEHUH dnekTpoauHamMuku? Urto



HaSHBaKH‘KaHHGpOBOqHBmHI)@HOBHﬂMH JJIA HOTGHHHaﬂOB? Kak BBITTIAAAT YPAaBHCHUSA IJIA
MNOTCHIIMAJIOB B Ky.]'[OHOBCKOfI n HOpeHHeBCKOﬁ KaJ'II/I6pOBKaX?

4, Kpurepuu olleHUBAHUS

OrneHka

bamner

Kpurepun

OTJIIMYHO

10

BeicTaBisieTcss  CTy#AEHTYy,  IOKa3aBLIEMY
BCECTOPOHHHUE, CHUCTEMAaTU3UpPOBAHHbIE, MIIyOOKHE
3HaHMSI y4eOHOH  mporpaMMbl  AUCLMILIMHBI,
MPOSIBIISIFOIEMY HMHTEPEC K JAHHOW IPEIMETHOMN
obnmacTd,  NPOAEMOHCTPHPOBABIIEMY  yYMEHHE
YBEPEHHO M TBOPYECKHU IIPUMEHATh UX HA IIPAKTUKE
IpU pEeIIeHUH KOHKPETHBIX 3aja4, CBOOOJHOE U
IIpaBUJIbHOE 00OCHOBAHNE NPHUHATHIX PEILICHUI.

BeicTaBisieTcst  CTyneHTy,  IIOKa3aBILIEMY
BCECTOPOHHHE, CHCTEMAaTU3MPOBAHHbIC, IIIyOOKHE
3HaHUS Y4eOHON mporpaMMmbl JUCHUIUIMHBI U
YMEHHUE YBEPCHHO IIPUMEHATH UX HA IIPAKTUKE IIPU
pellleHMH KOHKPETHBIX 3ajJad, CBOOOJHOE W
IIPaBUIIbHOE 000CHOBAHUE NPUHSTHIX PEHICHHUH.

BeicTaBngercss  CTyneHTy,  IOKa3aBLIEMY
BCECTOPOHHHUE, CHUCTEMATU3UpPOBaHHbIC, TIYOOKHE
3HaHMSI Y4eOHOW MpOrpamMMbl JAUCHUIUIMHBI U
YMEHUE YBEPEHHO MPUMEHATh UX Ha MPAKTUKE MpU
pEelIeHHH  KOHKPETHBIX  3ajady,  IpaBUIIbHOE
000CHOBaHUE MPHUHSATHIX PELICHUH, ¢ HEKOTOPHIMU
HeJ04eTaMHu.

XOPOILO

BeIcTaBisieTcst CTYZIEHTY, €CIIH OH TBEPIO
3HaeT Marepuan, TpPaMOTHO M MO CYyHIECTBY
U3JIaraeT €ero, yMmeeT IPUMEHATb IIOJIy4ECHHBIE
3HaHMUA HA MPAKTUKE, HO HEAOCTaTOYHO I'PaMOTHO
00OCHOBBIBAET MOJIyYCHHBIE PE3YIBTATHIL.

BricTaBisieTcst CTyneHTY, €CIM OH TBEpIO
3HaeT Marepuajl, TIpaMOTHO U IO CYLIECTBY
u3jaraeT €ro, yMeeT IPHUMEHSTb [OJIYy4YEHHBIE
3HAHMSI HA NIPAKTUKE, HO JIONYCKAET B OTBETE WM B
pELIECHNH 3aa4 HEKOTOPbIE HETOUHOCTH.

BricTaBisiercst  CTylmeHTY, ecid OH B
OCHOBHOM 3HaeT Marepuai, TpaMOTHO U IO
CYIIECTBY M3JIaraeT €ro, yMeeT NpPUMEHSTh
MOJIy4YeHHbIEC 3HAHUS Ha MPAKTUKE, HO JOIMYCKaeT B
OTBETE WM B PEHICHWU 3a7ad JIOCTATOYHO
00JIbI1I0€ KOJIMYECTBO HETOYHOCTEH.

YAOBJIETBOPUTEIBHO

BeIcTaBisieTcst  CTyneHTy,  IOKa3aBLIEMY
(dbparmMeHTapHbIH, pa3pO3HEHHBIN XapakTep 3HaHU,
HEIO0CTAaTOYHO IIPaBUJIbHBIE (bopMYITHPOBKH
0a30BBIX NOHATHUH, HaApYIIEHUS JIOTMYECKOU
IIOCJIE0BATEIBHOCTH B U3JIOKEHUN IIPOTPAMMHOIO
Marepuajia, HO IIPU 3TOM OH OCBOMJI OCHOBHBIE
paszenbl yq4eOHOM mporpamMmbl, HEOOXOUMBbIE IS




JanbHeimero oOydeHus, M MOXET HPUMEHSTh
MOJIy4eHHBIE 3HaHUA 1O O0pa3lly B CTAaHAAPTHOU
CUTYaLUH.

3 BricTaBisieTrcst  CTyAEHTY,  MOKa3aBIIEMY
(dbparMeHTapHBIN, Pa3pO3HEHHBIA XapaKTep 3HAHUH,
JOTyCcKalomeMy OmuOkd B (HOpMyIHpOBKax
0a30BbIX TOHATUH, HAPYIIEHUS  JIOTHUYECKON
MOCJIEJOBATEIBHOCTH B U3JI0KEHUU ITPOTrPAMMHOTO
MaTepuaina, cjiabo BiaJeeT OCHOBHBIMH pa3zeiiaMu
y4eOHOW  TpOorpaMMbl,  HEOOXOJUMBIMH IS
NaNbHEHIero oOy4eHuss U C TPYAOM MPUMEHSET
MOJIYyYCHHBIE 3HAHMUS JlaXe B  CTaHIapTHOMN
CUTYallUH.

2 BeIcTaBisieTCsl CTyNEHTY, KOTOPBIM HE 3HAET
OoublIel 4acTH OCHOBHOTO COJIEpXKaHMs y4eOHOU
porpamMMbl  JUCHMIUIMHBI, JOIMYCKaeT TrpyObIe
omKOKK B (GOPMYTHUPOBKAX OCHOBHBIX NPHHILIUIIOB
U HE YMEET WCIIOJIb30BaTh IOJIYYEHHBIE 3HAHUS
IIPU PELICHUU TUIIOBBIX 33]1a4.

HCYIOBJICTBOPUTCIILHO <
1 BricTaBnsercs CTYACHTY, KOTOPbIM HC 3HACT

OCHOBHOTO COJ€p)KaHUA y4EOHOW MPOrpaMMBI
TUCHMIUIAHBI, JOMycKaeT TrpyoOeife omudKku B
bopmynupoBkax 0a30BbIX MOHATUN JUCHUILIUHBI U
BOOOIIle HE HMMEET HABBIKOB PEIICHUS THUIOBBIX
MIPAKTHUYECKUX 3a71ad.

5. MeToauueckue MaTepHuaJbl, ompeaeasaomue npoueaypbl  OUCHHUBaHUSA
3HaHHﬁ, yMe}mﬁ, HAaBBbIKOB " (I/I.]'II/I) OonbITa JE€ATCJIbHOCTH.

IIpn mpoBeneHnu 3k3aMeHa oOydaromemycst mpepoctasisiercss He MeHee 40 MHHYT Ha
noarotoBky. Onpoc mo OWJeTy W OTBETHl Ha JOMOJHHUTENBHBIE BOIPOCH HE JOJDKEH
IIPEBBILIATh JABYX AaCTPOHOMHYECKMX uacoB. [lo 3aBeplieHMM OTBEIEHHOIO Ha OIpPOC
BpPEMEHH, 3K3aMEHATOp JOJDKEH BBICTaBUTh OOydalolleMycs OLEHKY B COOTBETCTBHM C
BBIIICIIPUBEICHHBIMU KPUTEPUIMHU.




