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Mporpammy aucumnnnHbl paspaboTan(a)(n) ooueHT, K.H. Kytysos A.C. Kadeapa TeopeTnuyieckoi
donsunkm OtaeneHme gunsnkm , Alexander.Kutuzov@kpfu.ru ; ctapwmin npenogasaTenb, K.H. (AOLEHT)
NapwnoHos A.J1. Kadenpa teopeTtundeckon puankn OtaeneHne pusnkin ,
Alexander.Larionov@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

LlensiMn oCBOEHUS ANCLUMNANHBI "ONekTpoanHaMmka" SBASIOTCA N3Y4EHNE OCHOBHbIX MOHATUN,
3aKOHOB 1 MOLENe Teopun 3NEKTPOMarHUTHOro Nonsi, 0bpeTeHne HaBbIKOB PELLEHNS 3aaad
9NEeKTPOANHAMUKMN.

2. MecTO AMCUMUNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

HaHHas yyebHas aucuunnnHa BkntodeHa B pasgen " 51.B.00.12 AncumnnmHbl (Mogynn)" OCHOBHOM
obpaszoBartenbHoit nporpamMmbl 28.03.01 HaHOTEXHONOMMM U MUKPOCUCTEMHAS TEXHUKA N OTHOCUTCS K
obsi3aTtenbHbiM gucumnnnHam. OcBavBaeTcs Ha 3 Kypce, 5 cemecTp.

Lns OCBOEHWUS ANCUMMANHBI HEOOXOANMBI 3HAHUS AUCUMUMNMH: MaTeEMaTUYECKUIA aHann3, NIMHenHas
anrebpa, onggepeHUmanbHble YpaBHEHNS, ANEKTPUYECTBO U MarHeTMam, konebaHus 1 BOSHbI,
onTuka, TeopeTnyeckas mexaHuka. OcBoeHve oucumnamHel Byaet cnocobCcTBOBaTL YCMNELWHON
NpodheccrnoHanbHOM AEATENBHOCTH, MO3BOMUT B Aa/IbHEMWEM N3y4aTb KYpPChbl 0OLEeHay4YHOro n
NpPocheCcCnoHanbHOro LMKI0B OCHOBHOW 06pasoBaTtenbHOM NporpaMMbl MarucTpaTypb.

3. KomneTteHuuun obyuarowerocsi, popmMmpyemble B pe3ynibTate 0CBOEHUSA AUCLUMNIINHbDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

Pacwucposka

LLincpp komnereHumu npuobpeTaemMon KOMNeTeHL U
OlK-3 CnocobHOCTb MCnoNb3oBaTh 6a30Bble TEOPETUYECKNE 3HAHMS
(NnpodpeccmoHanbHble oyHOaMeHTaNbHbIX pa3aenos obLel n TeopeTUHecKon nsnKm
KoMneTeHuunm) ONS peleHns npogpeccnoHanbHbIxX 3a4ad.
MK-5 CnocobHOCTb NONb30BaTbCS COBPEMEHHBIMM METOAAMU
(npodpeccunoHanbHble 06paboTkm, aHanM3a u cuHTe3a prnanyYeckor NHpopmaumm B
KoMneTeHuunn) n3bpaHHo 0bnacT PU3NYEeCKmX NCCNenoBaHWM.

B pesynbtate 0CBOEHUS ONCUMMAUHBI CTYAEHT:
1. QONXeH 3HaThb:

3aKOHbl MUKPOCKOMUYECKON 1 MaKpOCKOMMYECKOW 3NEKTPOANHAMUKM U CAPePbl UX NPUMEHEHMS,
NONOXEHUS CNeLnanbHOM TEOPUN OTHOCUTENBHOCTM Y PENSTUBUCTCKON NEKTPOANHAMUKN.

2. DONTXEH yMeTb:
Mcnonb3oBaTb NONyYeHHble 3HaHWS O/19 NOCTAHOBKW 3a4a4 No TeOPUM 3NEKTPOMArHUTHbIX Monewn.
3. [ONXeH BnageTb:

HaBblkaMW MOCTAaHOBKW N pelleHns 3a0a4 MVIKpOCKOI'II/I'-IeCKOVI n MaKpOCKOI'II/I‘-IeCKOVI
ANeKTpoaANHaMUKN.

4. NONXeH OeMOHCTPUPOBaTb CNOCOOHOCTb Y FOTOBHOCTb:
K DanbHenwemy obyyeHuto.

4. CTpyKTypa u cogepxaHve AUCLUMNINUHbI/ Moayns
Obwas Tpya0eMKOCTb AUCLMMNIMHBI COCTaBNSET 4 3a4eTHbIX(ble) eanHuL(bl) 144 yaca(os).
dopma NPOMEXYTOYHOrO KOHTPONSA AUCLMMINHBI 9K3aMeH B 5 cemecTpe.
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CyMMapHo no AMcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONM4YeCcTBO ANst AOMNycKa K 3a4eTy
28 6annos.

86 bannos 1 bonee - "oTANYHO" (OTN.);
71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynosnetBoputenbHo" (yaooB.);
54 6anna n MeHee - "HeyIOBNETBOPUTENBHO" (Heyn.).

4.1 CTpyKkTypa u cogepxaHue ayauTtopHOW paboTbl MO AMCLUNIMHE/ MOBYNIO
TemaTtnyecknn nnaH gUCUUNIAUHbI/MOAYNS

Paspen
AducunnnuHol/
Monayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTopHOM paborThbl,

MX TPYAO0EMKOCTb
(B yacax)

Tekywime coopmbl
KOHTpons

Nekuun

MpakTuueckmellaboparopHbie

3aHATUSA pabotbi

Tema 1. OcHOBHble
3aKOHbl U ypaBHEHWS
MUKPOCKOMNYECKOM
9NeKTPOANHAMMKN.

10

YCTHbI onpoc

Tema 2.
Mukpockonuyeckas
anekTpocTaTuka.

4-5

YCTHbIN onpoc

Tema 3.
Mukpockonunyeckas
MarHumrTocrarTumka.

6-7

YCTHbIN onpoc

Tema 4. OcHOBHble
3aKOHbI 1 ypaBHEHWS
MakpOCKOMM4YecKomn
SNeKTPOANHAMUKN.

YCTHbIN onpoc

Tema 5.
Makpockonunyeckas
SNEeKTPO- n
MarHmTocTaTumka.

10-12

10

YCTHbIN onpoc

Tema 6.
BbicTponepemeHHbie
SNeKTPOMarHUTHble
nons.

13-14

YCTHbIN onpoc

Tema 7. CneumnanbHas
Teopus
OTHOCUTENbHOCTH.

15-17

YCTHbIN onpoc

Tema 8. lNogrotoska K
NMACbMEHHON
KOHTPONbHOW paboTe
No 1.

1-5

KoHTponbHas
paboTta

Tema 9. lNoarotoska K
NMACbMEHHON
KOHTpONbHOW paboTe
No 2.

6-11

KoHTponbHas
paboTta

10.

Tema 10. lNoaroToBka K
NMACbMEHHON
KOHTPONbHOW paboTe
No 3.

12-17

KoHTponbHas
paboTta
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Buabl v yachbl
Pasgen ayauTopHon paboTbl,
Hepens UX TPYAOEMKOCTb Tekywme coopmbl
N 'D'"Kn":')""zv;”b'/ Cemectp cemecTpa (B yacax) \ll(ompﬁmp
Ay Nekumu MpakTnyecknellaboparopHbie
3aHATUSA pabotbi

Tema . Itorosas OK3aMeH

5 0 0 0
doopma KOHTpoOns
Ntoro 54 27 0

4.2 CopepxaHvue oUCLUMNUHDI
Tema 1. OCHOBHble 3aKOHbI U YypaBHEHUS! MUKPOCKOMUYECKON 3NeKTPOANHAMUKW.
nekumoHHoe 3aHsitTne (10 yaca(os)):

Mukpockonuyeckne ypaBHeHUs MakcBenna u ypaBHeHNE HEMPEPLIBHOCTY B ANGIDEPEHLMANBHON 1
MHTerpanbHow chopMax. BekTOpHbIN 1 ckansipHbIi NOTEHLMabl B MUKPOCKOMMNYEKOIA
anekTpoavHamuke. pafmeHTHas nnm kanmbpoBoyHas MHBAPWMAHTHOCTb YpaBHeHU A Makceenna.
Kannbposka JlopeHua. YpasHeHus Lanambepa ons noteHUmManoB. 3akOHbl COXPAHEHMUS SHEPTuu,
MMMynbca ¥ MOMEHTA MMMyNbCa B MUKPOCKOMNYECKON aNeKTpoanHammke. 'paHnyHble yCnoBus B
MUKPOCKOMNYECKOV 3neKTpo-anHamuke. ['paduyeckoe nsobpaxeHve nonei. Knaccudomkaums
MUKPOCKOMUYEKUNX 3NIEKTPOMATrHUTHBIX MONEN.

Tema 2. Mukpockonuyeckasi anekTpocraTuka.
JNleKLMoHHOoe 3aHsitne (6 4yaca(oB)):

YpaBHeHue yaccoHa u ero peweHne. OaHo- 1 TpéxmepHas aenbta-pyHkumns Oupaka. O6béMHas
MNOTHOCTb 3apsga ANns CUCTEMbl TOYEYHbIX 3apsa0B. PasnoxeHne anekTpoctaTtnyeckoro
noTeHumana no MynbTunonam. JunonbHbIA MOMEHT CUCTEMBI. TEH30p KBALPYNOMbHOIrO MOMEHTA
cucTtembl. CoBCTBEHHAS 3NeKTpocTaTUieckas sHeprusi CUCTEMbl 1 SHEPrUnst 3N1EKTPOCTAaTUYECKOro
B3aMMOOENCTBUS CUCTEM. DHEPrns CUCTEMbI 3aPS 0B BO BHEWHEM SNEKTPOCTATUYECKOM MNone.
OHEepPrnsg anekTpocTaTuyeckoro B3anMo4enCcTBNS ABYX 3aps00B, 3apsaa v ounons, Asyx AMnonen.
Teopema VIpHWOY 0 MEXaHMYECKOWN HEYCTONYMBOCTU CUCTEM TOHEYHbBIX 3aPSXEHHbIX YaCTULL.

Tema 3. Mukpockonmyeckas MarHuToctaTmka.
neKkumnoHHoe 3aHsitTne (6 yaca(os)):

BekTOpHbI noTeHLMan 1 HaNPSXEHHOCTb MarHUTHOMO NONS 06 bEMHbIX, MOBEPXHOCTHbIX, TMHENHBIX
TOKOB 1 CUCTEMbI ABMXYLUNXCA 3apsXeHHbIX YacTuu. Popmyna buo-Casapa-/lannaca. BekTopHblii
noTeHuman n HanpsXEHHOCTb MarHUTHOro NONs BAaAM OT OrpaHMYEHHON B NPOCTPAHCTBE CUCTEMDI
TOKOB. MarHWUTHbIA MOMEHT 0O BEMHbIX, MOBEPXHOCTHbIX, MHENHBIX TOKOB M CUCTEMbI ABUXYLMXCS
3apsXKeHHbIX YacTul. OpbutanbHoe rmpoMarHTHoe oTHoweHne. Crna n MOMEHT Cun, AENCTByOWNE
Ha OrpaHM4YeHHOE B NPOCTPAHCTBE pacnpeneneHne 06 bEMHbIX TOKOB B MarHUTHOM rnone. SHeprus
MarHMTHOroO MOMEHTa B MarHUTHOM rone.

Tema 4. OCHOBHbIe 3aKOHbI U YpaBHEHUSI MaKPOCKOMUYECKOMN INeKTPOAUHAMUKM.
JNIeKLMOHHOoe 3aHsitne (6 4yaca(os)):

YcpenHeHne MMkpockonnyeckmx ypasHeHnin Makceenna. BekTopbl nonsapusaumm,
HaMarHM4eHHOCTU, SNEKTPUYECKON U MarHUTHOW nHaoykumn. Makpockonuyeckune ypasHeHus
Makceenna B ondpgoepeHLUmanbHOm U MHTerpanbHom popmax. ['paHnyYHbie COOTHOLWEHNS B
MakKpOCKOMM4ecKomn anekTpoanHammke. MartepuanbHble COOTHOWEHNS. CKansipHbI 1 BEKTOPHbI
noTeHUManbl B MakpoCKOMUYECKOW anekTpoarHamuke. YpaBHeHus danambepa ons noTeHUMANoB u
Kanmbposka JlopeHua B MakpOCKONMYecKom anekTpoanHammke. 3akoHbol Oma n Ixoynsa-JleHua B
avdogoepeHumansHon dpopme. CTOPOHHUE CUnbl. 3aKOH COXPAHEHWNS SHEPTUN B MAKPOCKOMUYECKOM
9NeKTPOANHAMMKE.

Tema 5. Makpockonuueckas 3neKTpo- u MarHuTocraTuka.
JNeKuunoHHoe 3aHsitne (10 4aca(os)):
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[MonspHble 1 HenonspHble OUaNEKTPUKN. ATOMHAS, MONEKynsapHas nonspuayemMocTb 1 cTatmyeckas
AnaneKTpudeckas NPoHNLAEMOCTb HEMONSPHbIX ANANEKTPUKOB. OPUEHTALMOHHbBIA MEXaHN3M
nonsapusaunm NonsipHbIX AnanekTpukoB. OCOBEHHOCTUN 3NEKTPOCTATUYECKMX MONE B NPOBOAHNKAX.
['paHnYHblE COOTHOWEHUS B CUCTEMAX ONSNEKTPUK-NPOBOOHUK U ONSNEKTPUK-ANINEKTPUK. Teopema
€OVHCTBEHHOCTM pelleHns ypaBHeHus NyaccoHa B cuctemMax ananekTpuk-npoBOLHUK U
LN3NeKTPUK-AnanekTpuk. Meton nsobpaxenuin. Cuctema npoBoaHUKOB. Teopema B3aMHOCTH
"puHa. NoTeHuManbHble 1 EMKOCTHbIE KO3GDMULIMEHTLI. DNEKTprUYecKas SHeprus CUCTEMbI
NPOBOAHMKOB. BEKTOPHbI NOTEHUMAN U HANPSXEHHOCTb MAarHUTHOrO NONS 0O bEMHbIX,
MOBEPXHOCTHbIX U NIMHEHbBIX TOKOB B cnabomarHuTHoi cpene. CobCTBEHHAs MarHUTHas aHeprus

06 bEMHOro, MOBEPXHOCTHOr0, IMHENHOrO TOKAa N 3HEPTMS MarHUTHOrO B3aUMOLENCTBUS TOKOB.
KoatppuumneHTbl caMonHayKLMM 1 B3aUMHOW MHAYKUUK. MarHnTHbIi notok. Cuna, oencTeyowas Ha
NPOBOAHWK C TOKOM B MarHUTHOM rone. MarHuTHble CBOMCTBA BewecTB. VICTOYHMKM MarHUTHbIX
csoncTts. [JnamarHetnam. Teopema Jlapmopa. MNapamarHetnam. OpneHTaLNOHHbIA MEXaHN3M
HaMmarHnyeHus napamarHeTukos. [oHaTne o napamarHMTHOM pe3oHaHce. PeppomMarHeTusm.
deHomeHonornyeckas teopus peppomarHetmsma Bericca. PeppoMarHuTHbie JOMEHbI.
AHTUeppomarHeTnaM. KeasmcrtaumoHapHble afeKTpoMarHuTHble rnons. Y cnosms
KBasmcTaumoHapHoCcTW. YpasHeHne coctosHna RCL-uenoyvkn. CkuH-acpexT.

Tema 6. BbicTpOnNepemMeHHble 3NeKTPpOMarHUTHble NMonsi.
NeKUuMoHHoe 3aHsiThe (8 yaca(os)):

BonHoBble ypaBHEHMS AN NOTEHLMANOB U HANPSXEHHOCTEN ANEKTPUYECKOrO Y MAarHUTHOrO NoNei B
BaKyymMe 1 OOHOPOAHbIX M30TPOMHbIX AnanekTpukax. MNnockue anekTpoMarH1THble BOSHbI B
LNANeKTPMKax, X CBOMCTBA 1 nonspuaaums. MoHOXpoMaTU4yeckme nnockue aneKkTpOMarHuTHole
BOJHbI B AM3NeKTprkax. PacnpoctpaHeHmne n 3atyxaHne MOHOXPOMAaTUYECKMX MNIOCKMX BOMH B
0OHOPOOHBLIX U30TPOMHbLIX NPOBOAHUKAX. PacnpocTpaHeHne BONHOBbIX NakeToB. [[pynnosas u
hazoBas ckopocTu. M3nyyeHne anekTpoMarHUTHbIX BOMH. [prHumMn npnynHHOCTU. 3anasabiBaowme
1 onepexatowme noteHumansl. Obwee n cobcTBEHHOE BpeMS 3anasabiBaHns. Knaccndgmkaums 30H
n3nyyeHns. MianyyeHne B aneKTpM4eckoM ANMONbHOM NpubnunxeHnmn. anyyeHrne B MarHMTHOM
LMMNONbHOM 1 3NEKTPMYECKOM KBaApPYnonbHOM NpubnmxeHusx. YrnoBoe pacnpeneneHme
MFHOBEHHOW MHTEHCUBHOCTUN, MTHOBEHHAS MHTEHCUBHOCTb, CPELHSAS 3a NePUOL UHTEHCUBHOCTb
n3nyyeHns. Peakums nanydeHns. Cuna nydnctoro TpeHus. CamocornacoBaHHbIv npenen
NPUMEHMMOCTU KNAaCCUYECKON anekTpoanHamMmku. Knaccmueckuin paguyc anektpoHa. EctecteeHHas
WMpPWHA CNeKTpanbHbIX MMHUIA. PaccesiHne anekTpomMarHnTHelx BonH. Paneesckoe n TOMCOHOBCKOE
paccesiHue.

Tema 7. CneumnanbHasa Teopusi OTHOCUTENIbLHOCTM.
JNIeKLMOHHOe 3aHsiTue (8 yaca(oB)):

MocTynatbl SitHwTenHa. OTHOCUTENBLHOCTL OAHOBPEMEHHOCTU. [1peobpa3oBaHus JlopeHua.
CokpaleHne asuxyueroca macwraba n 3amefneHne xona ABUXYLMXCS YaCoB. 3akOH CNOXEHWs
CKOpPOCTEN B TEOPUM OTHOCUTENBHOCTU. Teopus OTHOCUTENBHOCTU U NPUYUMHHOCTL. Pengatmusucrckuin
NUHTepBan. YeTbipéxmepHas popMynmpoBka oMsnyeckmnx 3aKkoHoB. Pensatuemncrckas kuHemartmka.
4-pagnyc BeKTOp, COBCTBEHHOE BPEMS, 4-CKOPOCTb, 4-yCKOPEHNE. Penatmemctckas omHammka.
YpaBHeHne MuHkosckoro. ®@opmyna SiiHWTERHA ANs 3Heprum cBoboaHOM YacTuLbl.
YnbTpapenatuBucTCKNin U HEPENATUBUCTCKUIA Npeaenbl. Penatnemcrckas anekTpoguHammka.
CobcTBEHHAs MNOTHOCTb 3apsaaa. 3akoH COXpaHeHus 3apsaa u npeobpasoBaHne 06bEMHON
MNOTHOCTM 3apsaa. 4-MNOTHOCTb TOKa, 4-noTeHuman. YpasHeHmsa Janambepa ons noTeHumnanos v
kannbposka JlopeHua B YeTbipéxmepHoi popme. NpeobpasoBaHus noTeHumManos. TeH30p
9NeKTpoMarHnTHoro nons. NpeobpasoBaHusa nonein. Pensatnencrckme nHBapuaHThl
3NeKTpoMarHUTHoro nons. MNMoteHumansl U HANPSXEHHOCTN 3NEKTPOMArHUTHOrO Nons ObICTPO
OBMXYLIENCS 3apsaXeHHOM YacTuubl. YpasHeHns MakcBenna B YeTbIPEXMEPHOM hopMe. 4-BONHOBOW
BekTop. ekt Jonnnepa n abeppauns ceeta. YpaBHeHVEe OBUXEHMS, (OyHKUMKM JlarpaHxa n
FaMmnbTOHA BbICTPO ABUXYLENCS YacTuLbl B 3N1IEKTPOMArHNTHOM Mone.

Tema 8. NMoarotoeBka K NMCbME@HHOW KOHTponbHOM pabote No 1.
npakTnyeckoe 3aHsitne (9 4yaca(os)):

3anaum n3 "CbopHuka 3apad no anektpoanHamuke" B.B. bBatbiruta n U.H. TonTbirvHa: 3agayn no
mMareMaTn4yeckoMy annaparty KnacCuy4eckon anekTpoamHammkun, Homepa 1-5, 8, 9, 12-16, 37-52, 55,
56, 58, 59, 61, 62; 3a0a4n N0 MUKPOCKOMNYECKOM anekTpocTaTuke, Homepa 69-85, 91, 94, 97, 98,
104, 110, 111, 119-122, 126, 127.
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Tema 9. MoarotoBka K NMCbMEHHOM KOHTPONIbHOW paboTte No 2.
npakTnyeckoe 3aHsitne (9 4yaca(os)):

3anaun n3 "CbopHmka 3agay no anektpoanHamuke" B.B. BaTbirmHa un V.H. TonTbirMHa: 3agaym no
MakKpOCKOMMYeckom anekTpocTatuke, HoMepa 129-135, 142-144, 146, 148, 151, 153, 155, 181-185,
187, 192; 3apgaym no MmarHMTocTatuke, Homepa 241-248, 256, 257, 262-264, 267, 268, 276.

Tema 10. MoarotoBka K NMCbMEHHOW KOHTpoOnbHOM pabote No 3.
npaktnyeckoe 3aHsitne (9 4yaca(os)):

3anaum n3 "CbopHuka 3apad no anektpoanHamuke" B.B. bBatbiruta n U.H. TonTbirmHa: 3agayu no
9N1eKTPOMarHUTHbIM BOSIHAM 1 NepeMeHHOoMy 37.-mar. nonto, Homepa 399-401, 726, 728, 731, 732,
738, 739; 3apayu no cneumanbHON Teopun OTHOCUTENbHOCTU, 543-557, 559, 560, 621-628, 630,
642, 645, 719.

4.3 CTpyKTypa 1 copepXxaHume caMOCTOSITe/IbHOM paboTbl AUCLUMIUHBI (MOLYNSA)

Buabi
Hepens | camocTosiTensHon [TpyA0eMKOCTb
ceMecTpa paboTbl (B yacax)
CTYyAEHTOB
N3yyeHue,
OCMbICNEHne n
Tema 1. OcHOBHblE 3anoMmnHaHue
1 |38KOHBI 1 ypaBHeHus 5 1.3 |M€KUMOHHOrO 3 becepna Ha
MUKPOCKOMUYECKOn marepwuana. aK3ameHe
9NEeKTPOANHAMUKN. [NooroTtoBka K
OTBETY Ha
aK3ameHe.

N3yyeHne,
OCMbICNEHne n
3arnoMmnHaHue
NEKLMOHHOro becepna Ha
marepuana. aK3ameHe
MNMoprotoBka K
OTBETY Ha
aK3ameHe.

N3y4yeHue,
OCMbICNEHNE U
3anoMnHaHue
NEKUMOHHOro 5 becepna Ha
martepuana. 3K3aMeHe
NoprotoBka K
OTBETY Ha
3K3aMeHe.

N3yyeHne,
OCMbICNIEHME U
Tema 4. OcHOBHbIE 3anoMnHaHmne
3aKOHbl U ypaBHEHMS NEKLUMOHHOro becepna Ha
MaKpPOCKOMMNYECKOM martepuana. 9K3aMeHe
9NEeKTPOANHAMUKNA. [NonoroTtoBka K
OTBETY Ha
9K3aMeHe.

dDopMbl KOHTPONS
CaMOCTOATENIbHOWN
pabortbl

N Paspen

OucumnnuHbl CemecTp

Tema 2.
2. [Mukpockonuyeckas 5 4-5
anekTpocTartumka.

Tema 3.
3. [Mukpockonunyeckas 5 6-7
MarHMtocrartumka.
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Buabi
N Paspen Cemectp Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;?ﬂg:;:?:;gﬂg;
AducumnnuHbl cemecTpa paborthbl (B yacax) pa6oTb
CTYyAOEeHTOB
N3y4yeHue,
OCMbICNIEHNE 1
Tema 5. 3anoMmnHaHue
5. Makpockonuyeckas 5 10-12 [€KUMOHHOro 5 becepa Ha
3NEeKTPO- n martepuana. 9K3aMeHe
MarHuTocTaTtumka. MoaroToBka K
OTBETY Ha
9K3aMeHe.
N3yyeHne,
OCMbICNEHNE "
Tema 6. 3anoMuHaHue
6. BbicTponepeMeHHble 5 13-14 |"€KUMOHHOrO 5 becepna Ha
9NEeKTPOMarHUTHbIE martepuana. 9K3ameHe
nonsi. MoarotoBka k
OTBETY Ha
9K3aMeHe.
N3yyeHue,
OCMbICNEHNE 1
3anoMmnHaHue
7. Iee:;?v; onewnatenan | o | 1547 endiid o [Pecenara
. K3aMeH
OTHOCUTENBHOCTW. MoaroToBKa K
OTBETY Ha
9K3aMeHe.
Tema 8. lNogrotoska K
8. MMCbMEHHOW 5 1-5 Egﬂggﬂ:ﬁ; 4 KOHTPONbHas
KOHTPOMNbHOW paboTe paboTa
No 1. pabote
Tema 9. lNoarotoska K
9 I'IVICbMeHHOI7Iv 5 6-11 Egﬂgéﬁiﬁ%; 4 KOHTPONbHas
KOHTPONbHOW paboTe 6 paboTta
No 2 pabote
Tema 10. |_|(3,D,FOTOBKa K NOOroToBKa K
10 [McbMeHHon 5 12-17 |KOHTPOMBHOI 4 KOHTpONbHas
KOHTPONbHOW paboTe 6 paboTa
No 3. paboTte
NTtoro 27

5. O6bpa3oBarenbHble TEXHONOMMU, BK/IOYAsA MHTEPaKTUBHbIEe hOpMbl 06yUYeHUs

Buabl yuebHol paboTbl: NeKummn, NpakTUYeckue 3aHSTUS, KOHTPO/bHbIE paboThl, caMocTosTeNbHas
paborTa.

6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOWM
aTTecrauumm rno MToram OCBOeHUsi AUCLUMINHDBI U y4eOHO-MeToauYeckoe obecneyeHune
camocTosiTeNIbHOM paboTbl CTYAEHTOB

Tema 1. OCHOBHbIe 3aKOHbI U YpaBHEHUSI MUKPOCKOMUYECKON NEKTPOANHAMUKW.
Becena Ha ak3ameHe , NpyMepHbIe BOMPOCHI:

PernctpaumoHHbin Homep 6122718
CtpaHnua 8 ns 19.

BAE
il YHH

A 5 (1,

<
B

o

KETPOHHBH
EPCHTET

AHATTAMECKAR CrCTEMA KPY



Mporpamma aucumnanHbl "ONeKTpoanHaMmKa U OCHOBbI 3N1eKTPOAMHAMUKIM crnowHblx cpen”; 28.03.01 HaHoTexHonorum n
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Mukpockonuyeckue ypasHeHns Makcsenna v ypaBHeHe HernpepbiBHOCTY B AndpdpepeHumanbHOm 1
NHTerpanbHONn oopmax. BeKTOpHbIN 1 cKkanspHbIn NOTEeHUMasn bl B MUKPOCKOMNYEKOM
anekTpoamHamuke. MpagneHTHas unm kannbpoBoyHas MHBAPUAHTHOCTb ypaBHeHUn Makceenna.
Kannbpoeka JlopeHua. YpasHeHus Janambepa ons noteHumanos. 3aKOHbl COXPaHEHUS SHepPruu,
UMMynbca U MOMEHTa NUMMyNbCa B MUKPOCKOMUYECKON anekTpoanHamuke. [ paHnyHble yCnoBUS B
MUKPOCKOMNYECKOIN anekTpo-anHammke. I'padmyeckoe naobpaxeHne nonei. Knaccugpukaums
MUKPOCKOMUYEKNX SNEKTPOMArHUTHbLIX NONEN.

Tema 2. Mukpockonuyeckasi aneKTpocTarmka.
Becena Ha sk3ameHe , NpUMEpPHbIE BONPOCHI:

YpaBHeHue lNMyaccoHa u ero peweHne. OaHo- n TpéxmepHas aenbta-pyHkuns Jupaka. O6béMHas
MNOTHOCTb 3apsga ANns CUCTEMbl TOYEYHbIX 3apaaoB. PasnoxeHne anekTpoctaTtnyeckoro
noTeHumana no MynbTUnonsaM. JunonbHbIA MOMEHT CUCTEMbI. TEH30p KBALPYNOMbHOrO MOMEHTA
cuctembl. COBCTBEHHAS ANeKTpOCTaTUYECKas SHEPrus CUCTEMbI 1 SHEPrUS BNEKTPOCTATUYECKOrO
B3aMMOOENCTBUSA CUCTEM. DHEPrns CUCTEMbI 3aPSAL0B BO BHEWHEM 3NEKTPOCTaTUYECKOM Mnone.
IHEepPrus aneKTpocTaTn4eckoro B3anMoLencTBNS ABYX 3aps00B, 3apsna v ounons, Asyx AvMnonen.
Teopema VIpHWOY 0 MEXaHNYECKOWN HEYCTONYMBOCT CUCTEM TOHEYHbBIX 3aPSAXEHHbIX YaCTULL.

Tema 3. Mukpockonumyeckas MarHuTocrtaTmka.
Becena Ha ak3aMeHe , NpUMepHbIe BONPOCHI:

BekTopHbI noTeHUman n HanpsXX&HHOCTb MarHUTHOTO NMonst 06 bEMHbIX, MOBEPXHOCTHbIX, IMHEAHbIX
TOKOB 1 CUCTEMbI OBMXYLMNXCH 3apsXeHHbIX YacTu,. dopmyna brno-Casapa-/lannaca. BekTopHbii
noTeHuman n HanNPsXXEéHHOCTb MarHUTHOrO NMoNs BAANN OT OrpaHNYEeHHON B MPOCTPAHCTBE CUCTEMDI
TOKOB. MarHUTHbIA MOMEHT 0O BEMHbIX, MOBEPXHOCTHBIX, TMHENHbLIX TOKOB 1 CUCTEMbI ABUXYLLNXCS
3apsikeHHbIx YyacTul,. OpbutanbHoe rmpoMarHMTHoe oTHoweHne. Cruna n MOMEHT Cun, OelACTByoWme
Ha OrpaHM4yeHHOe B MPOCTPAHCTBE pacnpeneneHne 06 EMHbIX TOKOB B MArHUTHOM Nose. SHeprus
MarHMTHOroO MOMEHTa B MarHUTHOM Mone.

Tema 4. OCHOBHbIE 3aKOHbI 1 YpaBHEHNSA MaKpPOCKONMYEeCKOMN 3NeKTPOANHAMUKW.
becepna Ha ak3ameHe , NpMMepHbIE BOMPOCHI:

YcpeoHeHne MMKpoCKonmMyeckux ypasHeHuii Makceenna. Bektopbl nongpusauumn, HaMarHU4eHHOCTH,
9NEeKTPUYECKON U MarHuTHOM nHaykuumn. Makpockonunyeckume ypasHeHns Makceenna B
andppepeHLmanbHOM 1 MHTerpanbHo oopmax. ['paHnyHble COOTHOWEHNS B MaKpPOCKOMUYECKOM
anekTpoanHamuke. MatepuanbHble COOTHOWEHNS. CKansipHbIA U BEKTOPHbINA NOTEHUWanbl B
MaKpOCKOMMYECKO anekTpoanHamuke. YpasHeHns anambepa ons noTeHumanos u kanmbposka
NopeHua B Makpockonuyeckon anektTpoanHammke. 3akoHbl Oma n Ixoynsa-IleHua B
andppepeHumanbHon popme. CTOPOHHME CUMbl. 3aKOH COXPAHEHUS 3HEPrMM B MAKpPOCKOMNNYECKOM
aNneKTpoanHaMuKe.

Tema 5. Makpockonuuyeckas 3/1eKTpo- U MarHUToCcTaTmKa.
Becena Ha ak3ameHe , NpyMepHbIe BONPOCHI:

MonsipHble 1 HENONSIPHbIE AM3NEKTPUKIN. ATOMHAs, MONEKynsipHas NoNsipU3yemMocTb 1 cTaTmyeckas
LM3neKTpryeckast NPOHNLAEMOCTb HEMONAPHBIX AN3NEeKTPMKOB. OpUEHTALMOHHbIA MEXAHN3M
nonsapusauunm NoNsipHbIX AnanekTpukoB. OCOBEHHOCTUN 3NEKTPOCTATUYECKMX MNONE B NPOBOAHMUKAX.
"paHNYHbIe COOTHOLWEHMSI B CUCTEMAX AMBNEKTPUK-MPOBOAHMK U ONINEKTPUK-ON3NEKTPUK. Teopema
€ONHCTBEHHOCTYM peLLeHNst ypaBHeHMs [yaccoHa B cucteMax AManekTpuK-npoBOAHMK U
LN3NeKTPUK-AnanekTpuk. Meton nsobpaxenuin. Cuctema npoBoaHUKOB. Teopema B3aMHOCTH
"pyHa. MoTeHuManbHble 1 eMKOCTHbIE KOSMULIMEHTbI. DNEeKTprYecKkas SHeprus CUCTEMb
NPOBOAHMKOB. BEKTOPHbI NoTEHUMAN 1 HaNPSXEHHOCTb MAarHUTHOrO NONst 06 bEMHbIX,
MOBEPXHOCTHbIX U NIMHEHbIX TOKOB B cnaboMarHuTHoi cpene. CobCcTBEHHAs MarHUTHas aHeprus

06 bEMHOro, MOBEPXHOCTHOr0, IMHENHOrO TOKa U 3HEPTMSt MarHUTHOrO B3aUMOOENCTBUS TOKOB.
KoadhcpmumeHTbl caMOMHAYKUMM U B3aUMHOW MHAYKUMKX. MarHuTHbIA notok. Cuna, aerctaytowas Ha
NPOBOAHMK C TOKOM B MarHUTHOM none. MarHutHole cBoiicTBa BewwecTB. ICTOYHMKN MarHUTHbIX
ceoiicTe. dunamarHetnam. Teopema Jlapmopa. MNapamarHeTnam. OpreHTaUMOHHbIA MEXaHN3M
HamMarHn4YeHns napamarHeTvkos. MNoHATME 0 NapaMarHMTHOM pe3oHaHce. PeppoMarHeTn3M.
deHoMeHonorn4yeckas Teopus peppomarHetmama Beiicca. deppoMarHMTHbIE LOMEHbI.
AHTUpeppomarHeTmam. KeasmctaumoHapHble 3N1eKTpoMarHNTHbIe Nons. Ycnosust
KBasucTaumoHapHocTu. YpaBHeHne cocTtosiius RCL-uenoykn. CKuMH-adodoexT.

Tema 6. BbICTpOI'IepeMeHHbIe ANEeKTpoMarHnTHble nons.
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Becena Ha ak3ameHe , NpyMepHbIe BOMPOCHI:

BonHoBble ypaBHeHVs 415 NOTEHLMAN0B 1 HAMPSiXXEHHOCTEN SNeKTPUYECKOro U MarHUTHOro nonei B
BaKyyme 1 0HOPOAHbIX M30TPOMHbIX ANaNeKTpUKax. MNnockme anekTpoMarHUTHbIE BOMHbI B
ON3NEKTPUKax, UX CBOMCTBA 1 nonsipusaums. MoHoxpoMaTuieckmne nnockme aneKTpoOMarHUTHbIe
BOMHbI B AUaneKTpukax. PacnpoctpaHeHmne 1 3atyxaHme MOHOXPOMATUYECKMX NNOCKMX BOMH B
OJIHOPOIHbIX U30TPOMHbBIX NPOBOAHMKAX. PacnpocTpaHeHne BONHOBbLIX NakeTos. [pynnosas 1
dpazoBasi cKopocTu. N3nyyeHmne anekTpoMarHuTHbIX BOMH. MpUHLMN NPUYMHHOCTU. 3anasablisatolume
1 onepexatoluye noteHumansl. Oblee 1 cobcTBEHHOE BpeMst 3anasabiBaHns. Knaccudpmkaums 3oH
n3nydeHus. ManydeHve B aneKTpMYeckoM OMNonbHOM NPUONNXeHnn. ManydyeHne B MarHUTHOM
OUMONBHOM 1 3NEKTPUYECKOM KBaAPYnonbHOM NpubnvxeHusx. Yrnosoe pacrnpeneneHne MrHoBeHHOM
WHTEHCUBHOCTU, MTHOBEHHAS UHTEHCUBHOCTb, CPEeAHSAS 32 Nepuol UHTEHCUBHOCTb U3NYYeHUs.
Peakuus uanyyexus. Cvuna nyd4nctoro TpeHus. CamocornacoBaHHbivi npeaen nprMeHMMocTy
Knaccuyeckom anekTpoanHamMukn. Knaccruyeckuii paguyc anektpoHa. EctectseHHas wmpuHa
crnekTpanbHbIX MHWIA. PaccesHne anekTpoMarHuTHbIX BonH. Paneesckoe 1 TOMCOHOBCKOE
paccesiHue.

Tema 7. CneunanbHasi TeOpusi OTHOCUTENbHOCTM.
Becena Ha ak3ameHe , NpYMepHbIe BONPOCHI:

MocTynatbl SitHwTenHa. OTHOCUTENBLHOCTL OAHOBPEMEHHOCTU. [1peobpa3oBaHus JlopeHua.
CokpaueHne gemxyuierocs Macwraba u 3amensieHne xoaa OBUXYLMXCS YacoB. 3aKOH CNOXEHUS
CKOpPOCTEN B TEOPUM OTHOCUTENBHOCTU. Teopus OTHOCUTENBHOCTU U NPUYUHHOCTb. Pengatmusucrckuin
NHTepBan. YeTbipéxmepHas popMynmpoBka omsnyeckmnx 3aKkoHoB. Pensatuemncrckas KuHemartmka.
4-pagnyc BeKTOp, COBCTBEHHOE BPEMS, 4-CKOPOCTb, 4-yCKOPEHNe. Penatmemctckas ouHammka.
YpaBHeHne MuHkosckoro. ®@opmyna SiiHWTERHA ANs 3Heprum cBobo4HOM YacTumLbl.
YnbTpapensatuBnCTCKUA N HEPENSTUBUCTCKNIA Npeaenbl. PensatuBncrckas anekTpoanHamumka.
CobcTBEHHAs MNOTHOCTb 3apsaa. 3akOH COXpaHeHus 3apsaa u npeobpasoBaHne 06bEMHON
MNOTHOCTM 3apsaa. 4-MNOTHOCTb TOKa, 4-noTeHuman. YpasHeHusa Janambepa ons noTeHumnanos v
Kkanmbposka JlopeHua B YeTbipéxmepHoli doopme. [NpeobpasoBaHms NoTeHUnanos. TeH30p
anekTpoMarHuTHoro nons. MNMpeobpaszoBaHus nonei. PenatnBncTckne MHBapuaHThbl
3NeKTpoMarHUTHoro nons. MNMoteHumansl U HANPSXEHHOCTN 3NEKTPOMAarHUTHOrO Nons ObICTPO
OBMXYLENCS 3apsaXeHHOM YacTuubl. YpasHeHns MakcBenna B YeTbIPEXMEPHOM popMe. 4-BONHOBOW
BekTop. ekt Jonnnepa n abeppauns ceeta. YpaBHeHWE OBUXEHMS, YHKUMKM JlarpaHxa v
FaMmnbTOHA BbICTPO ABUXYLENCS YacTMLbl B 3/1IEKTPOMArHNTHOM Mone.

Tema 8. NMoarotoBka K NMCbME@HHOW KOHTponbHOM pabote No 1.
KOHTponbHas paboTa , NpuMepHble BONPOCHI:

3anauym n3 "CbopHuka 3apad no anektpoanHamuke" B.B. bBatbiruta n U.H. TonTbirmHa: 3agayu no
mMareMaTu4yeckoMy annaparty KnacCuy4eckon anekTpoamHammkun, Homepa 1-5, 8, 9, 12-16, 37-52, 55,
56, 58, 59, 61, 62; 3a0a4n N0 MUKPOCKOMNYECKOM anekTpocTaTuke, Homepa 69-85, 91, 94, 97, 98,
104, 110, 111, 119-122, 126, 127.

Tema 9. Noarotoska K NMCbME@HHOW KOHTpONbHOM pabote No 2.
KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

3apaym n3 "CbopHuka 3agay no anektpoanHamuke" B.B. batbirmHa n W.H. TonTeirmHa: 3agayun no
MakKpOCKOMMYeCcKkom anekTpocTatuke, Homepa 129-135, 142-144, 146, 148, 151, 153, 155, 181-185,
187, 192; 3agaymn no MarHMTocTatuke, Homepa 241-248, 256, 257, 262-264, 267, 268, 276.

Tema 10. MoaroTtoBka K NMCbMEHHOW KOHTpPONbHOM pabote No 3.
KOHTponbHas paboTa , NpuMepHble BONPOCHI:

3anaum n3 "CbopHuka 3apad no anektpoanHamuke" B.B. bBatbiruta n U.H. TonTbirHa: 3agayu no
9NEeKTPOMarHUTHbIM BOMIHAM U NepeMeHHOMY 3/1.-Mar. nonto, Homepa 399-401, 726, 728, 731, 732,
738, 739; 3ama4m no cneunanbHOM Teopumn OTHOCUTENbHOCTN, 543-557, 559, 560, 621-628, 630, 642,
645, 719.

Tema . UToroeasi popma KOHTpons

MNprMepHbIe BONPOCHI K 9K3aMeHY:

1. SnekTpoanHammka B Bakyyme (MUKPOCKOMMYeckas anekTpoanHammka): obobuweHne
aKCMnepuMeHTaNbHbIX PakToB, ypaBHeHNs Makcsenna.
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2. 3aKOH COXpaHEeHUs sHeprumn.

3. 'paHunyHble cooTHOWeEHUS ans BekTopos E n H (cooTHoweHnsa ans sektopos E n H Ha
3apsXXeHHOM NOBEPXHOCTN, MO KOTOPOW TEYET MOBEPXHOCTHbIN TOK).

4. BeKTOpPHbI U CKanspHblil noTeHumansl. HeoaHO3HaYHOCTb BBEAEHMS NMOTEHLUMAN0B
(kannbpoBoYHas, UK rpadneHTHas, MHBAPUAHTHOCTb 3NIEKTPOMArHUTHOro nonsl). Y paBHEHUS
Danambepa ans noteHumanos; kanmbposka JlopeHua.

5. OnekTpocTartvka B Bakyyme (MMKpocKonumyeckas anektpocraruka). HanpsaxEéHHocTb 1 noTeHuunan
06 bEMHOr0, MOBEPXHOCTHOIO M NIMHENHOro pacnpeneneHnii 3apsaaos. YpasHeHne NyaccoHa.
Henbta-goyHkunsa Oupaka.

6. MynbTunonbHOe pasnoxeHne aNeKTPoCTaTnYeckoro noTeHumana: KyfnoHOBCKUIA, OUMNOSbHbIV U
KB2OpPYMNO/NbHbIA YNEHBbI.

7. DHeprns anekTpocTatnyeckoro nons. CobCcTBeHHas aHePrus NOACUCTEM N SHEPTUS
B3aVMOLENCTBNS NOACUCTEM.

8. Cuna, pnencTeyowas Ha CUCTEMY 3apPS,00B BO BHEWHEM 3/1IEKTPOCTATUYECKOM MONe;
noteHumanbHas yHKUNSA Ans cunbl. SHEPrus Mano CUCTEMbl BO BHELWWHEM 3/1EKTPOCTATUYECKOM
none. SHePrusa TO4EeYHOro ANMNONS BO BHELWHEM NMone. SHeprus B3anmMoaencTBns AByX TOHYEYHbIX
aunonen.

9. dneKTpocTaTuka B BelWeCTBe (MakpoCcKonmyeckas anekTpoctaTunka).

10. NpoBOOHNKN 1 OnanekTpukun. ['paHnua Mmexay guanektpukamu. ['paHua Mmexay npoBoLHUKOM
N OUANEKTPUKOM. TunuyHas 3agada anekTpocTaTukKn NMPOBOOHUKOB U AN3NEKTPUKOB,
€OVHCTBEHHOCTb eé pelweHns. CooTHoWeHMS B3anMHOCTK [TpuHa. MNoTeHumanbHblie 1 EMKOCTHbIE
KO3OPULNEHTHI.

11. MarHutoctaTuka B Bakyyme (MMKPOCKONMYecKas MarHUTocTatuka). YpaBHeHe 4ns BEKTOPHOMo
noTeHumana v ero peweHune. BekTopHblil noTeHuman o6 bEMHOro, NOBEPXHOCTHOIO 1 NMMHERHOMO
ToKOB. dopmyna buo-Casapa-/lannaca ons Hanps>XXEHHOCTN MarHUTHOrO Mons.

12. BekTOpHbIV NOTEHUMAn 1 MarHMTHOE none Ha 6onbLIOM PACCTOSAHUM OT ToKa. MarHUTHBbINR
MOMEHT TOKa, ero He3aBnCcUMOCTb OT Bblibopa Hayana koopamHat. MarHUTHbBI MOMEHT MIOCKOro
NMHENHOro Toka. [ MpoMarHMTHOe OTHOLWEHWe.

13. OHeprus ctatmyeckoro MarHUTHoro nonsi. CobCcTBeHHast 3HEPrusi TOKOB 1 aHepPrus
B3aMMOOEeNCTBNA TOKOB.

14. Cuna, ,D,GIZCTBWOLIJ,&FI Ha MOCTOSHHbIA TOK BO BHELWHEM CTaTUYE€CKOM MarHUTHOM Mone;
noteHumanbHasa oyHKUNA ONsa CUNbl. aHepFI/ISI TOKa BO BHeElIHEeM CTaTn4eCKOM MarHMTHOM none.
9Hepr|/|9| B3auMoOencTeums OByX MarHUTHbIX MOMEHTOB.

15. MarHuTocTartuvka B BelwecTBe (MaKkpockonmyeckas MarHuTocTaTmka).
16. OnekTpoanHaMmka B BeWeCTBe (MaKkpockonnyeckas anekTpoanHammka).
17. CooTHoweHns ong sektopos E, D, H, B Ha rpaHuue cpeg.

18. 3akOH CoxXpaHeHNs 3Heprum B MakpPOCKOMNYECKON 3N1eKTpoanHaMuUKe (T.e. Npu Hannyum
BELeCTBa).

19. BEeKTOpPHbIN 1 CKanspHbI NOTeHUuasbl B MAKPOCKONMUYECKON anekTpoanHamuke (T.e. npu
Hanmyum BelecTsa). HeogHO3HAYHOCTb BBEAEHMS NOoTeHUManoB. YpasHeHust anambepa ans
noteHumanos. Kannbposka JlopeHua.

20. MNnockue ANeKTpoMarHnTHble BOJTIHbI B HEMNPOBOAALWNX Cpenax. lMnockwne MOHOXpPOMaATN4HbIE
BOMHbl. CnoxeHne OBYyX NIUHENHO nonapn3oBaHHbIX MOHOXPOMATU4YHbIX BOJTH OANHAKOBbIX 4aCTOT,
6erI.I.I,I/IX B OOHOM HanpasneHun. 3aTyxaH|/|e MOHOXPOMAaTN4HbIX BOJ/IH B NPOBOASAWMKX Cpenax.

21. 3anasgpiBatowme noTeHUmnanbl Kak pelweHust ypasHeHuin lanambepa: npoBepka aToro akta ¢
1CNonb30BaHNEM O-CPyHKLIMM 1 6e3 He€; NpoBepKa BbINOHEHNS KannbpoBku JlopeHua.
22. N3ny4yeHune aneKTpoMarHTHbIX BOMH B 9NEKTPUYECKOM OMUMOSIbHOM NPUONNXEHUN.

23. MocTynatbl SitHWTeRHa. OTHOCUTENBHOCTL OAHOBPEMEHHOCTU. MNMpeobpasosaHus JlopeHua.
CokpalueHne asuxyulerocs macwraba u 3amennieHne xona ABUXYLMXCS YacoB. Teopust
OTHOCUTENbHOCTU N MPUYNHHOCTb. PEnaTMBNCTCKMIA MHTEpPBan U ero MHBAPUAHTHOCTb. 3akKOoH
CNIOXEHNSA CKOPOCTEN.
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24. 4-pagnyc-BeKTop, COBCTBEHHOE BPeMsi, 4-CKOPOCTb, 4-UMNynbC, 4-ycKopeHue. YpaBHeHne
MwuHkoBckoro. Popmyna SitHwTeHa Ans 3Heprum cBoboAHOM YacTuLbl. YNbTPapensaTUBUCTCKUIA 1
HepensaTUBMUCTCKUI npenensi.

25. 3akoH coxpaHeHus 3apsna u npeobpasoBaHne 06 EMHOM NNOTHOCTU 3apsifa. 4-NNOTHOCTb
TOKa. 4-noTeHuean. YpaeHeHus Janambepa ons noteHumanos u kanmbposka JlopeHua B 4-MepHoii
chopme. TeH30p aneKTPoMarHMTHOro nonsi. PenatmBnctckme MHBapMaHTbl ANEKTPOMArHUTHOrO MOSS.
YpaBHeHust MakcBenna B 4eTbipéXxMepHol hopMe.

OOMNONMHUTEJIbHBIE BOMPOCHhI, koTopble MoryT 6biTh 3a4aHbl BO BPEMS 9K3aMeHa nocne oTeeTa
Ha OCHOBHble BOMPOCHI B bunete:

1.YpaBHeHus Makcsenna B kako dpopme - ondpdpepeHLmanbHOm U UHTErpanbHONM - SBASIOTCS
6onee o6WUMKN 1 B KAKOM CMbicre?

2.D13NYECKNA CMbICT YpaBHEHUS HEMPEPLIBHOCTH.
3.[1NOTHOCTb SHEPrUN SNEKTPOMArHUTHOrO NONS B BaKyyMe U CMOWHOW cpese.
4.T1NOTHOCTb NOTOKA 3NEKTPOMArHUTHOM SHEPrUKM M NAOTHOCTb UMMYNbCa 3NEKTPOMArHMTHOrO NONS.

5.3Hepr|/|9| 9NeKTpn4yecKoro ounnons B anekTpn4yeckom none n MarHNTHOro MOMeHTa B MarHTHOM
none.

6.MocTynatbl OnMHWTENHA.
7.0npeneneHne pensaTMBNCTCKOro MHBapMaHTa.
8.PengatmBncTckne nHBapuaHTbl 91€KTPOMarHUTHOrO Mons.

9.Punanyeckunin cmoicn Hal'lpﬂ)KeHHOCTeVI 9NeKTpn4eckKoro 1 MarHMTHOro nonemn B MI/IKpOCKOI'IVI'-IGCKOVI
aneKkTpoanHamumke.

10.Pn3NYEeCKUn CMbICN BEKTOPOB NONsSpu3aLmm n HamarHM4eHHoCTH.

11.Punsnyeckunin cmoicn H&I'Ipﬂ)KGHHOCTGVI N NHOYKUNIA SNEKTPN4eCKoro n MarHMTHOro nonemn B
MaKpOCKOl'IVI‘-leCKOI7I AnekTpoanHamuke.

12.®Pun3nyeckas npuymHa 3atyxaHus 3NeKTPOMarHUTHbIX BOMH B MPOBOAHMKAX.
13.4T10 Takoe penatnBucTckuin nHTepsan?

14.3akoHbl Oma n Ixoyns-JleHua ong o4HOPOAHOMO N30TPONHOMO NPOBOAHMKA B
AngodpepeHumanbHom oopme.

15.ToMCOHOBCKOE U paneeBckoe paccesHue 3n1eKTPOMarHUTHbIX BOJTH.

16.470 Takoe pe3oHaHCHas hnyopecueHumna?

17.410 Takoe 04HOPOAHOE M HEOOHOPOAHOE YWMPEHNE CNEeKTPanbHbIX TUHNA?
18.4T0 Takoe ecTeCTBEHHAs WMPKHA CNEeKTPasbHbIX IMHUIA U yCTpaHUMa v oHa?

19.4eM oTnMYalOTCS CUNbHOMArHUTHbIE BelecTBa (oeppoMarHeTUK U aHTUdeppoMarHeTukn) ot
cnabomarH1THbIX (AramMarHeTUKM U napamMarHeTUKn) BewecTs?

20.KakoB chmsnyeckuii cmbicn Temnepatypbl Kiopn?

21.KakoBa npuynHa cnpaseniMBoCcTy 3akoHa Kiopy 1 ong onanekTpnyeckon BOCNPUUMYNBOCTY
NONSAPHbIX AUANEKTPUKOB, U AN MArHUTHON BOCMPUMMYMBOCTM NapaMarHeTMkos?

22.3akoH Kiopu-Bericca ons MarHUTHOM BOCAPUMMYMBOCTMW.
23.B yeM 3akniovaetcs adpgoekT MenccHepa?
23.T1puHUMN NPUYNHHOCTU 1 3anasgbiBatowme noTeHumarnb.

24.BekTop OMNONbHOr0 MOMEHTA M TEH30P KBAAPYNONbHOrO MOMEHTA CUCTEMbI HEMPEPBIBHO U
LVCKPETHO pacnpefeneHHblX B MPOCTPaHCTBE 3apsA0B.

25.BekTOp MarHMTHOro MOMeHTa 06 EMHOr0 TOKa 1 CUCTEMBI ABUXYLMXCS TOYEYHbIX 3aPSA0B.
26.4710 Takoe opbuTanbHOe rmpoMarHMTHOe OTHOLEHWE, YEMY OHO PaBHO?

27.KakoBa B 06lWeM cnyyae nonspusaumnsi MOHOXPOMATUYECKMX NMNOCKMUX 3NEKTPOMarHUTHbIX BOJH B
omanekTpukax? Yto takoe Kpyroeas, nMHeiHas, npasasi, nesas nonspusaumsa?

28.YpaBHeHusa Makcsenna B 4eTblpéXMepHoOn hopme.
29.41o ytBepxaaet teopema VpHwoy?
30.MMoyemMy NOBEPXHOCTb NPOBOLAHMKA SABNSETCS 9KBUMOTEHLMANBHON?

MpuMepHble buneTbl ak3ameHa:
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Bunert 1.

1. Mukpockonuyeckune ypasHeHna Makcsenna v ypaBHeHEe HENPEPbLIBHOCTA B UHTErPanbHON 1
andgodpepeHumanbHonm goopmax.

2. MapamarHetnam. OpUeHTaLMOHHbIA MEXaHU3M HaMarHNYeHUs napamarHeTuKoB.

Buner 2.

1. CkanspHbIn 1 BEKTOPHbIM NOTEHLMANbl B MUKPOCKONUYECKOM anekTpoanHamuke. 'pagneHTHas
nnn KanmbpoBoYHaa MHBAPMAHTHOCTb ypaBHeHu Makceenna. YpasHeHns Janambepa ons
noteHumanos. Kannbpoeka JlopeHua.

2. 3akoHbl Oma n Ixoyns-JleHua B audodpepeHumnansHon goopme. CTOPOHHUE Cuibl.
Bunert 3.
1. 'paHN4YHbIE COOTHOWEHMNS B MUKPOCKOMNNYECKON SNEKTPOANHAMUKE.

2. CBepxnpoBOOHMK B MarHMTHOM none. 3ddekt MeiiccHepa. YpaBHeHus JloHaoHoB. [TnybuHa
MPOHVKHOBEHWUSI MArHUTHOIO MONSI B CBEPXMNPOBOLHUK.

Buner 4.

1. 3aKOH COXpaHeHNs aHeprum B MUKPOCKOMUYECKON 3NeKTPoANHaMIKeE.

2. PaccesHune anekTpoMarHuTHbIX BOMH. PaneeBckoe 1 TOMCOHOBCKOE paccesiHue.

Bunert 5.

1. 3aKOH coxpaHeHns nMnynbca B MUKPOCKOMMUYECKOW 3M1eKTPOANHAMMKE.

2. MoHoxpomaTtuyeckume nnockue anekTpoMarHUTHble BOMHbI B AnanekTpukax. BonHosow BekTop.
Buner 6.

1. Mpadhmnyeckoe n3obpaxeHne nonen. YpaBHEHNS CUNOBbIX TMHUIA.

2. EctecTBeHHas wuprHa cnekTpasnbHbiX NMHUA. OAHOPOLHOE N HEOLHOPOLHOE YINPEHNE.
Bunet 7.

1. YpaBHeHue NyaccoHa B MUKPOCKOMMYECKOWN SNEKTPOCTaTVKe U ero pelleHne ans 06 eMHoro,
MOBEPXHOCTHOrO 1 NIMHEMHOro pacnpeneneHns 3apsnos.

2. P&CﬂpOCTpaHeHI/Ie N 3atyxaHne MOHOXpoMaTU4eCKMX NnoCKnX aneKTpoMarHMTHbIX BOJIH B
OOHOPOAHbIX N N3OTPOMHbIX MPOBOAHUKAX.

Buner 8.

1. OHO-u TpexmepHas nenbTa-gyHkuns Oupaka. O6beMHas NOTHOCTb CUCTEMbI TOYEYHbIX
3apsooB.

2. Peakuusi nanyyerms. Cuna nyymctoro TpeHms. CamocornacoBaHHblin npeaen npuMeHMMocTy
Knaccuyeckon anekTpoamHammkim. Knaccmnyeckmin panmyc anekTpoHa.

Bunet 9.

1. PasnoxeHune anekTpoctaTM4eckoro noteHumnana no Mynbtunonam. JAunonbHbIi MOMEHT CUCTEMbI.
TeH30p KBaOPynofbHOr0 MOMEHTA CUCTEMbI.

2. PacnpocTpaHeHue BONMHOBbIX NakeTos. [ pynnosas n dpasoBas CKOPOCTU.
BuneTt 10.

1. SHeprvm CUCTEMDbI 3apsA00B BO BHEWHEM 3JIEKTPOCTATUHECKOM none. SHeprvm Onnonsa Bo
BHELWHEM 3JIEKTPNYECKOM Mone. SHeprvm ANEeKTpPoCTaTN4EeCKOro B3aMMoOOenCTBuSA 3apsanos, 3apsna
n aunnons, OByx avnonen.

2. Nonapusaums MOHOXPOMATUYECKNX NAOCKNX SNEKTPOMArHUTHBIX BOJIH B OU3NEKTPUKAX.
Bunert 11.
1. Teopema VpHILIOY 0 MEXaHMYECKOWN HEYCTOMYMBOCTU 3NEKTPOCTATUYECKUX CUCTEM.

2. YpaBHeHMe OBUXeHWs, oyHKUMKM JlarpaHxa 1 MaMmunbToHa ObICTPO ABMXYLWENCS YacTuLbl B
3NEeKTPOMarH1UTHOM Mone.

BuneTt 12.

1. Mukpockonuyeckasi MarHuToctTaTnka. BeKTopHbI noTeHumnan n HanpPs>XXEeHHOCTb MarHUTHOTO
nonst 06 b€MHbIX, MOBEPXHOCTHbIX, IMHEMHbIX TOKOB U CUCTEMbI ABUXYLNXCS 3aPSKEHHbIX 4acTul,.
®dopmyna brno-Casapa-/lannaca.
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2. YpaBHeHne MuHkoBckoro. @opmyna DiiHWTenHa ans sHeprum cBoboaHON YacTumupbl.
YnbTpapensaTuBNCTCKUA N HEPENATUBUCTCKUIA Npeaernb.

BuneTt 13.

1. BeKTOprII7I noteHumnan n Hanpsa>keHHoOCTb MarHMTHOro Nons soann ot orpaqueHHon B
NPOCTPaHCTBE CUCTEMbI TOKOB. MarH1UTHbIA MOMEHT CUCTEMBDI O6'beMHbIX, NMOBEPXHOCTHDbIX, NINHENHbIX
TOKOB 1 CUCTEMbI OBNXYLNXCA 3aps0oB. Op6|/|Taanoe rMpoMarHMTHOE OTHOLWIEHNE.

2. OnekTpoanHaMukKa Teopun OTHOCUTENBHOCTU: 4 - NIOTHOCTb TOKA, 4 - NoTeHuman. YpaBHeHne
HenpepbIBHOCTK, ypaBHeHns Janambepa onsg noteHumanos n kannbposka JlopeHua B 4 - MEPHOM
Buae. NMpeobpasoBaHns NOTEHLMANOB.

BuneT 14.

1. Cuna v MOMEHT cun, OeiCTBYIOWMNE Ha OrPaHNYEHHOe B MPOCTPaHCTBE pacrnpeneneHme TokoB B
MarHWTHOM MoJfe. SHePrmst MarHUTHOrO MOMEHTAa B MarHUTHOM Mone.

2. Penatuencrckasa kuHemartuka: 4-pannyc-sekTop, 4-CKOpoCTb, 4-UMMynbC, 4-yCKOPEHue.
Bunert 15.

1. Makpockonuyeckas anekTpoamHaMmmka. YcpeaHeHme MMKpoCKonNnuyecknx ypasHeHnin Makeceenna.
Makpockonuyeckune ypasHeHns Makcsenna B augopepeHumnanbHom n MHTErpanbHOn goopMme.

2. Cnctema npoBoaHMKoB. Teopema B3amMHOCTU [ puHa. [oTeHunanbHble 1 eMKOCTHbIE
KO3 MLUMEHTbI. dneKTpruyeckast 3Heprust CUCTEMbI MPOBOOHUKOB.

BuneT 16.

1. CKansipHblil 1 BEKTOPHbIV NOTEeHLMabl B MaKpOCKOMUYECKOW anekTpoanHamumke. YpaBHeH s
Danambepa n kanubpoeka JlopeHua.

2. NlnamarHetnsm. Teopema Jlapmopa. lnamarHmtHas BOCNPUUMHYMBOCTb.
Bunet 17.

1. l/I3nyquV|e ANEKTPOMArHUTHbIX BOJTH. 3anaagbiBarowme u onepeXxawluwmne noteHunasnbl. Obuwee u
cobcTBEHHOE BpeM4 3ana3fbiBaHUA. KJ'IaCCVICpVIKaLI,I/IFI 30H N3NTy4eHnA.

2. ®eppomarHetTnam. PeHoMeHonornyeckas teopus doeppomarHeTnama l.Bericca.
Bunert 18.

1. CkansapHbIn 1 BEKTOPHbIA NOTEHLMANbI, HAMPSAXEHHOCTN 3N1EKTPUYECKOro U MarHUTHOrO Nonewn
N3NYYEHWUS B NEKTPUYECKOM AUMOSIbHOM NPUONNXEHNN.

2. ['paHnyHble COOTHOWEHMS B MAKPOCKOMNMYECKON 9NEKTPOANHAMMKE.
Bunet 19.

1. Yrnosoe pacnpeneneHne MFHOBEHHOW MHTEHCUBHOCTU, MTHOBEHHas MHTEHCUMBHOCTb U cpenHsas
3a nepmnon NHTEHCUBHOCTb N3Ny4eHNA B SNEKTPUHECKOM ONMOJIbHOM I'Ipl/|6ﬂI/I)KeHI/1I/I.

2. OpneHTaUMOHHBIN MEXaHM3M NOoNAPU3aLmMm NONSPHbLIX AN3NEKTPUKOB.
Bunet 20.

1. BonHoBble ypaBHEHNA onsg noteHumnanos U HaI'IpSI)KeHHOCTeI7I 9NEeKTpn4eCckKoro n MarHMTHOro
nonemn B OOHOPOAOHOM N N3OTPOMHOM ON3NEKTPUKE. [Mnockne ANeKTpoMarHnTHble BONHbI B
OnaneKTpukax n nx CBOWCTBA.

2. YpaBHeHue coctosHus RCL-uenoyku.
Buner 21.

1. CneuunanbHas Teopus oTHocuTenbHoCTK. MocTynatel inHwTelHa. Mpeobpa3osaHns JlopeHua.
CokpalueHne asuxyulerocs macwraba u 3amenneHne xona aBuxylmxcs 4acos. CnoxeHue
CKOpOCTEeN B cneumnanbHOn Teopum OTHOCUTENIbHOCTH.

2. 3aKOH COXpaHeHNs aHepPrnm B MakpoCKOMMYECKOM aN1eKTPoaNHaMUKE.
Bunet 22.

1. Teopema e AMHCTBEHHOCTN peLEHNs ypaBHeHUS [yaccoHa ans anekTpocTaTuyeckoro
noTeHuwana B oUanekTpuke N B CUCTEME ON3NEKTPUK-NPOBOLAHNUK.

2. Teopnst OTHOCUTENBHOCTU N NPUYMHHOCTb. PEnaTuBnCTCKnin nHTEpBan.
BuneT 23.

1. OcobeHHOCTM 3NEKTPOCTATUHECKNX NONEN B MPOBOAHMKAX. [[paHNYHbIE COOTHOLEHNS B CUCTEMAX
NPOBOOHVK-ONINEKTPUK U ONBNEKTPUK-ONINEKTPUK.
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2. TeH30p 9NeKTPOMarHUTHOrO MONS B crieumnanbHo Teopumn oTHocuTenbHocTU. MpeobpasoBaHus
nonei. PenstmBucTckme nHBapuaHTbl 9NeKTpOMarHUTHOro nons YpasHeHus Makceenna B 4-MepHOM
BUAE.

Bunet 24.

1. MarHuTHas saHeprusi NPOBOAHMKA C TOKOM B MarHWTHOM MOfie U cuna, AeicTeyowas Ha
NPOBOAHVK.

2. MaTepuanbHble COOTHOWEHNS B MaKPOCKOMMYECKOM 91EKTPOANHAMUKE
Bunet 25.

1. KBaaucraumoHapHble aNeKTPOMarHMTHbIE MNOMS B CM/OWHbBIX Cpefax. YCnosus
KBa3nCTaLMOHAPHOCTM.

2. YeTblpexmepHas cpopMynmposka omsnyeckmx 3aKoHoB. [pocTtpaHcTeo MyUHKOBCKOrO.
MpeobpasoBaHus JlopeHua, kak NOBOPOThbI B MpocTpaHcTBe MUHKOBCKOro. BekTopbl M TEH30PbI B
npoctpaHcTee MMHKOBCKOrO.

PernameHT 6annbHO-peinTuHroBoi cuctembl (BPC) No NpakTMYeCcKUM 3aHATUSIM 1 CaMOCTOATENbHOW
paboTe B ceMecTpe:

MNMucbmeHHas koHTponbHas pabota No 1: 16 6annos
MNMucbMeHHas KoHTponbHas pabota No 2: 17 6annos
MucbmeHHas koHTponbHas pabota No 3: 17 6annos

MpuMepbl 3aaa4 KOHTPOoNbHOM paboTbl No 1:

1) Haintu noteHuman n HanpsaXEHHOCTb 3NEKTPOCTATUYECKOro nons, Co34aBaeMoro Kpyrosbim
uMAMHOPOM paamyca R, paBHOMEPHO 3apsiXeHHbIM Mo 06 bEMY 1 MO NOBEPXHOCTU (3apsih eanHULbI
ONVHbI LunuHapa 3a8aH).

2) Haiitn noTeHuman n HanpsixXéHHOCTb 3N1eKTPOCTATMHECKOro Noss, CO34aBaEMOro Wapom paauyca
R, 3apsia g KOToporo pacnpenenéH paBHoMepHO No 06 bEMy 1 MO NOBEPXHOCTM Wwapa. HaiTtu
3M1EKTPUYECKYIO SHEPTMIO ANS 3TWUX pacnpeneneHuni.

3) beckoHeuHbIl uunMHap paguyca R 3apsixeH no o6beMy ¢ NNoTHOCTbO A*rn, roe A -
NOCTOSIHHA4, I - pacCTOsiHME 00 OCU umunuHapa. Hantyu noteHumnan n Hanps>XeHHOCTb
9N1EKTPMYECKOro Nons BO BCEM MPOCTPAHCTBE, a TakXe 3/IEKTPOCTATUYECKYIO SHEPruIo,
NOKaNN30BaHHYIO BHYTPU doparMeHTa umnuHapa onvHbl h. B otBeTe KOHCTaHTy A Bblpa3ntb Yepes
3apsan eouHuLbl ONHbL LUAnHapa.

4) Wap panmyca R 3apsixeH no 06beMy ¢ NNOTHOCTbIO A*r*n, roe A - NOCTOsIHHAS, I - paccTosiHMe
[0 LeHTpa wapa. Hantu notTeHumnan n HanpsaXXeHHOCTb 9NEeKTPUYECKOro rnons BO BCEM
NPOCTPAHCTBE, a TakXe 3NeKTPOCTaTUYECKY0 aHePruno. B oTBeTe KOHCTaHTY A BbipasuTb Yepes
3apsan wapa g.

5) 3apsin pacnpenenéH cepnieckn-CMMMETPUYHO BO BCEM 00bEME (NNOTHOCTD - 3aaHHas
GOYHKUMNSA pacCTosHUS ). Bbipa3nTb anekTpocTaTUY4eCcKuin NoTeHUMan n HanpsXXEHHOCTb
9NEKTPMYECKOro Nons B BUAE 0QHOKPATHbIX MHTErPanos Mo r.

6) Bbluncnntb Hal'lpﬂ)l(éHHOCTl/l SNIEKTPUNYECKOro nongd To4e4Horo gunonsd ¢ annoibHbIM MOMEHTOM p.
Hantn cunosble nuHUN.

7) HanTtu noteHuman anekTpocTaTtnyeckoro rnons NMMHenHoro keagpynons (3apsabl g, -29, q
pacronoXeHbl HA OCK Z Ha PaCcCTOSIHMM b Apyr OT Apyra) C TOYHOCTbIO 40 KBaApPYnObHbIX
cnaraembix BKIHOYUTENbHO.

8) Haintn noteHuman anekTpoctaTtnyeckoro nons Nnockoro keaapynons (3apagbl +q v -q
pacronoxeHbl MONEPEMEHHO B BEPLUMHAX KBadpara co CTOPOHOM b) ¢ TOYHOCTbIO [0
KBaLPYNONbHbIX CnaraeMblX BKNHOYUTENBHO.

MpumMepbl 3aaay KOHTPONbHOW paboTbl No 2:

1) ToyeyHbllA 3apsa g PacnonoXeH Ha NMNOCKOoN rpaHuue pasaena aByxX 0JAHOPOLAHbIX OECKOHEYHbIX
ON3NEKTPUKOB C 3aaHHbIMWU OMN3NIEKTPUYECKMM NMPoHMUaeMocTamMn. Hanitm noteHumnan,
HaNPSXEHHOCTb U MHOYKLUMIO 3N1EKTPUYECKOro nons.
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2) UeHTp nposogawmin wap paguyca R ¢ 3apsaaom q pacronoxXeH Ha NnocKom rpaHuLe pasgena
LBYX OIHOPOLHbIX 6ECKOHEYHbIX ON3NEKTPUKOB C 3aAaHHbIMU ANINEKTPUYECKMI
NPOHULAEMOCTSAMU. HanTn noteHuman, HaNPsXEHHOCTb U MHOYKLUMIO 3N1EKTPUYECKOro nons.
Onpepnenntb NOBEPXHOCTHYIO MNOTHOCTb 3apsaa wapa v NOBEPXHOCTHYIO MNOTHOCTb CBA3AHHbIX
3aps.00B, BO3HUKIWINX B AN3NEKTPUKE HA NMOBEPXHOCTM LWapa.

3) HDOCTpaHCTBO mMexany obknagkamm cdoepunyeckoro kKoHgeHcartopa 4acTu4HO 3anonHeHo
ON3NEKTPUKOM, paCnonoXeHHbIM BHYTPW TENECHOro yrna Wec BEPLWWNHOW B LIEHTpe 0bknamok.
Pa,EI,I/IbeI obknagok a u b, NPOHMLUAEMOCTb ON3NEKTPUKa 3a4aHa. Hantn émkocTtb KOHAEeHCcaTopa.

4) OQHOPOAHDBIA ONSNEKTPUYECKMIA Wap paanyca R paBHOMEPHO 3apsiXeH No 06beMy, NOMHbINA
3apsn ero paseH (, NPOHMLAEMOCTb Wwapa n3secTtHa. [NpoHnuaeMocTb OKpyXarLlen cpenbl pasHa
Ar, rge A - NOCTOSIHHAs, r - pacCTOsHWE A0 LeHTpa wapa. Hantn HanpsaXeHHOCTb 9N1eKTPU4ecKoro
nons BO BCEM NPOCTPAHCTBE M pacnpeneneHne CBA3aHHbIX 3aps00B B CUCTEME.

5) TouyeyHbIn 3apsn q HAXOAUTCS B OOHOPOLHOM AN3NEKTPUKE C 3a4aHHON NPOHMLAEMOCTBIO Ha
PacCTOSHUM a OT NNOCKOMN rpaHuLbl 6ECKOHEYHO NPOTSXEHHOr0 NPoBOAHKKA. HaiT noteHuman v
HaNPsXXEHHOCTb 9NEKTPUYECKOro Nons B AMSNEKTPUKE, pacnpeneneHne nHoyunpoBaHHbIX 3apsaoB
Ha rpaHuue OManekTprka v NPOBOLHUKA, CUITY, OEACTBYIOLWYIO HA 3apss g.

6) Hantn sHepruio B3anMoaencTsns OByX OUMNONEN 1 cuny, OENCTBYIOLWYIO HA OANH N3 HUX CO
CTOPOHbI Opyroro.

7) Haintn MmarHmTHOE none, MarHNTHYO UHOYKLMWIO U BEKTOPHbIV NOTEHUMan NPsiMONMHERHOr0
6eCKOHEeYHOro Toka J, TeKyLero B cpelie C 3a4aHHON MarHUTHON NPOHNLAEMOCTbIO.

8) HaitTn BeKTOpHbIN NOTeHLMan u MarHUTHoe none, Co3aaBaemble OByMS NPAMONMHENHbIMA
napannefibHbiIM1 TOKamMu OAMHAKOBOW BENNYNHBI J, TEKYLLNMM B MPOTUBOMONOXHbLIX HAMpPaBneHnsx.
PaccTtosHue mexay Tokammn 2a. MarHMTHas npoHMLAEMOCTb cpedbl 3aaaHa.

9) OnpenenuTb HaNPSXEHHOCTb MArHUTHOrO NONS NNOCKOCTU, MO KOTOPON NPAMONMHENHO TEYET
TOK, paBHOMEPHO pacnpenenéHHblin Mo NOBEPXHOCTN C NOBEPXHOCTHOM NAOTHOCTbLIO i. 3aTeMm
onpenennTb HaNPsXXEHHOCTb MArHUTHOrO NONS, CO34aHHOro ABYMS NapannenbHbIMU NAOCKOCTAMMU,
MO KOTOPbIM MPSAMONNHEAHO TEKYT TOKN C OAMNHAKOBbIMA NMOBEPXHOCTHBLIMU MNOTHOCTAMMU i,
pPacCMOTPEB OBa Cnyyas: (a) TOKM TEKYT B MPOTUBOMONOXHbIX HanpasneHusx; (6) Tokn HanpaBneHbl
OQMHAaKOBO.

10) BOoonb npsiMONUHERHON GECKOHEYHO O/IMHHOWM MNOMOCKW WMPWHON b Te4ET MOBEPXHOCTHbLIN TOK,
paBHOMEPHO pacrnpenenéHHblii No eé WnpuHe, cmna toka J. (a) Hantm HanpskXéHHOCTb MarHUTHOroO
Monsl B OKPYy>XaroleM NpocTpaHCcTBe, pa3dbuB Nonocky Ha GECKOHEYHO Y3KMe MoNoCKU 1
NPOCYMMMPOBAB NX HANPSXEHHOCTU (HAMPSAXEHHOCTb NPSMONNHENHOro 6ECKOHEYHOro ToKa
cumnTatb N3BECTHOW). (6) MNMpoBepuTb, 4TO HA OONbLWOM PACCTOSIHMM OT MOMIOCKW MarHUTHOE rnone
coBnanaeT C Nonem NpsiIMONNHENHOro 6eckoHevHoro Toka. (B) Nokasartb, 4TO MAarHUTHOE Mnone
BONM3M LIEHTPaNbHOM YacTy NONOCKN SBNSIETCS OAHOPOLHbLIM (COBNAAaeT C MarHUTHbLIM MONEM
NAOCKOCTU, MO KOTOPOWN TEYET TOK, PAaBHOMEPHO pacnpenenéHHbIn No NOBEPXHOCTN).

11) Onpenenntb BO BCEX TOYKAX MPOCTPAHCTBA HAMPSAXEHHOCTb MArHUTHOMO MONS, MarHUTHYHO
MHOYKUMIO N BEKTOPHbIA NOTEHUMAN, CO34aBaeMble TOKOM J, TEKyWMM No 6eCKOHEeYHOMY
LUMAVHAPUYECKOMY NPOBOAHMKY KPYrOBOro cedeHnst pagmyca R (Tok paBHOMEpHO pacnpenenéHHbIM
no nnowanm ceveHunst). MarHmTHbIe NPOHMLAEMOCTU MPOBOAHMKA M OKPYXatoLWero NpoBOAHMK
BELleCcTBa 3aaHbl.

12) Mo noBepxHOCTM UMANHOpPUYecKor obonoykn paguyca R1 1e4ét Tok cunoi J, paBHOMEPHO
pacnpenenéHHbIi Mo OKPYXXHOCTW CeYeHUst. BHyTpu umnmHapuyeckoin 060n04Kn HaxoanTCs
KoakcuanbHbIiA C Hel NpoBoa paanyca R2, no koTopomy TeYET B 0OpaTHOM HanpaBieHUN TOK TakoWn
Xe cunon J, paBHOMEpPHO pacrnpenenéHHbiv no naowanm Kpyrosoro cedeHns. MarHntHas
NPOHMLAEeMOCTN BCEX BewecTB 3aaaHbl. OnpenennTb HaNPsSXEHHOCTb MArHUTHOIO NOMS, MarHUTHYHO
NHOYKLUWIO N BEKTOPHbIA NOTEHLMAN BO BCEX TOYKAX NPOCTPAHCTBA.

13) Mo npoBoAHKKY, NpeacTaBnsoWeMy CO60 HECKOHEYHbIN LNMHAPUYECKWIA CNOIA (BHYTPEHHWIA
paguyc R1, BHewHunn R2), Te4éT ToK cmnnon J, paBHOMEPHO pacnpenenéHHblil No naowanmn ce4eHus.
Onpenenntb HANPAXEHHOCTb MArHUTHOrO MONS, MarHUTHYIO UHAYKLMIO U BEKTOPHbIA NOTEHUnan Bo
BCEX TOoYKax NpocTpaHcTea. MarHMTHble MPOHMLLAEMOCTM BCEX CpeL CHMTaTh 3a4aHHbIMU.

14) Bbl4MCNUTb MarHUTHbLIA MOMEHT 3aPSI)KEHHOTO Wapa ¢ 3apsiAoM q, BpallatowWwerocs BOKpyr

O[HOr0 U3 CBOMX IMaMeTPOB C 3aaHHON YrNOBOM CKOPOCTbI0. PaccMoTpeTb cny4anm paBHOMEPHOIO
06EMHOr0 1 NOBEPXHOCTHOrO pacnpeneneHnin 3apsaa.
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MpuMepbl 3aaay KOHTPONbHOM paboTbl No 3:

1) 3anucartb OeKapToBbl KOMIMOHEHTblI BEKTOPOB E v H ons nnockon MOHOXpOMaTI/I‘-IHOVI
3ﬂeKTpOMaFHI/ITHOI7I BOJIHbl 4aCTOTbl W, paCHpOCTpaHSHOLLI,eVICFI B cpene C 3agaHHbIMA
,D,I/ISJ'IGKTpI/I‘-IGCKOVI N MarHUTHOM NPOHNLIAEMOCTAMN B I'IO)'IO)KI/ITe}'IbHOM/OTpI/ILI,aTe)'IbHOM
Harnpas/ieHNN OCK X/y/Z " I'IO)'IﬂpI/I3OBaHHOI7I no Kpyry BI'IpaBO/BﬂeBO (HanpaBneHme nondapundauinm

"Bnpaso”, "BNeBO" onpenenseTcsa spaweHneM npasoro BMHTa, HanpasneHHOro no BOTHOBOMY
BEKTOpY.)

2) B npoBoasiwen cpene pacnpocTpaHaeTcs niockas MoHoXpoMaTmnyHas BonHa. Beiumcnntb
CPenHUiA NOTOK 3HEPrun Yepes NoBEPXHOCTb kKyba, pébpa KOTOpOoro napannenbHbl HanNpaBneHMo
pacrnpocTpaHeHuns BonHbl. [Tokasartb, 4TO STOT NOTOK paBeH CpeaHen MOWHOCTM NOTepPb Ha
J>XOYneBso Tenno.

3) BbipasnTb nMnNynbC p PeNATUBUCTCKOM YaCTULbl YHEPE3 €€ KUHETUYECKYIO SHEPTULO.

4) YacTtuua ¢ maccoih m obnapaet sHeprueii E. Haiitu ckopocTb v yactuubl. PaccmoTpeTb, B
4aCTHOCTU, HEPENATUBUCTCKUIM U YNbTPaAPEnaTUBUCTCKUIA Npeaenbl.

5) YacTtuua, OBuxyLlasics Co CKOPOCTbIO V, pacnanaeTcs Ha [Ba OOMHAKOBbIX raMMa-KBaHTa.
OnpepnenuTtb yron pasneta raMma-KBaHTOB.

6) HYacTtuua c sHepruen E n Maccom nokosi m HaneTaeT Ha NOKOSLWYKCS YacTULy Takon Xe Macchl.
HainT ckopoCTb LieHTpa MHEPLMM CUCTEMbI 3TUX OBYX YaCTUL, OTHOCUTENbHO nabopaTopHoOW
CUCTEMbI OTCYeTA.

KomneTeHuun obyyatowerocs, nepedncneHHble B pasaene 3 AaHHOM nporpammbl, nprobpeTatoTcs
nocpencTeoM pasbopa 1 npopaboTky NeKLUMOHHOro Matepuana, nocpeacTsom paboTbl BO BPeMS
ayOMTOPHbIX 3aHSATWIA 1 NOCPEACTBOM CAMOCTOATENbHOM paboTbl, NpeayCMOTPEHHbIX Y4eBOHbIM
MnaHoM.

7.1. OcHoBHas nuTeparypa:

1. Bacunbes A.H. Knaccnyeckas anektpoanHamumka. Clr6. BXB-MNetepbypr. 2010. - 276 c.
http://znanium.com/bookread.php?book=350602

2. batbirvH B.B., TonTbirvH. .H. C60pHMK 3a8a4 no anekTpoaMHaMmnke 1 cneunanbHon Teopum
oTHocutenbHocTun. CI16. Jlanb. 2010. - 480 c.

http://e.lanbook.com/view/book/544
3. KanuknHckmin .. OnektpoanHammka. HAL NHgopa-M. 2014. - 159 c.
http://znanium.com/bookread.php?book=406832

7.2. [lononHutenbHasa nuteparypa:

1. Anekcees A.M. C6opHMK 3aaay no knaccuyeckoi anektpoanHamuke. Cr6. JlaHb. 2008. - 320 c.
http://e.lanbook.com/view/book/100

2. Nanpgay J1.0., Nugowwny E.M. Teopusa nons. [Mhasbl 1-9. [OnekTpoHHbIA pecypc] M. duamatnur.
2006. - 504 c. Pexum poctyna: - http://e.lanbook.com/view/book/2236

3. Nanpay J1.0., Nugpwmu E.M. SnektpoanHamuka cnnowHbix cpen. M. duamarnut. 2005. - 651 c.
http://e.lanbook.com/view/book/2234

7.3. UHTepHeT-pecypcChl:

Bubnnoteka Library Genesis - http://gen.lib.rus.ec

MeToaunyeckune matepmanbl Kadpenpbl TeopeTnieckon guankn Koy -
http://www.kpfu.ru/main_page?p_sub=8205

ObpasoBatenbHblil NpoekT A.H. BapruHa - http://www.ph4s.ru
[MonckoBuk anekTPOHHbIX KHUT - http://www.poiskknig.ru
Caiit HayuHoi 6ubnunotekm um. H. L. Jlobauesckoro - http://kpfu.ru/library
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8. MarepuanbHo-TexHU4eckoe obecrneyeHue oUCLUMNINHbI(MOAYS)

OcBoeHVe ONCUUNIVHbI "ONeKTpoauHaMmKa 1 OCHOBbI 9NEKTPOAUHAMUKIM CMNOWHbIX cpen”
npeanonaraeT NCNOMb30BaHNE CNeayoLero MaTepuanbHO-TEXHNYECKOro 0becneyeHus:

MynbTumMeauiiHas ayautopus, BMECTUMOCTbO 6onee 60 yenosek. MynbTumMeauiiHas ayantopums
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €ANHON CUCTEMON ynNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS 1 BU3yanu3auum noboi Buaeo n ayamno
NHdpopMauuu, NoyYeHNs 1 nepenayn 3MeKTPOHHbIX JOKYMEHTOB. TUnoBas KOMMiekTaums
MyNbTUMEONAHON ay AUTOPUN COCTOUT U3: MyNbTMMEOMIHOrO NPoeKTopa, aBTOMaTN3NPOBaHHOIO
NPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMBI, a TAKXe MHTEPaKTMBHONM TpMbyHbI NpenonaBsartens,
BK/IlOYaloLWen Ta4y-CKPpMH MOHUTOP C AMaroHasnblo He MeHee 22 OloIMOB, NepCcoHasbHbI KOMMbIOTEP
(Cc TexHnyeckmnmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHMeM, MHTEPAENCHI
noakntouermns: USB,audio, HDMI. MiHTepakTMBHas TpmbyHa npenoaaBaTtens SBnsieTCcs KNo4eBbIM
3N1EMEHTOM yrpaBNeHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EAMNHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NIEKLMMW, MPaKTUYECKUE
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHLMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 OOCTYMHOW ANSt HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPAKTMBHbIX CPeACTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTusHbIX pecypcoB. MynbTumMeguinHaa ayautopus Takxke ocHalleHa WupPOoKOrnonoCHbIM
LOCTYIMOM B CETb MHTEpPHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NPorpaMmMHoe obecneyeHue.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW OMCLMMNANHBI UIMEETCS B HAMYUN B
3NeKTPOHHO-6ubnnoteyHol cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpefoCTaBNEH CTyAEHTaM.
9B6C "ZNANIUM.COM" comepXuT NponsBefeHns KpynHenwmnx pOCCUACKNX Y4EHbIX, PyKOBOAMTENEN
rocynapCTBeHHbIX OpraHoBs, npenogasarener Beaylmx By30B CTpaHbl, BbICOKOKBANNULMPOBAHHbIX
CMeunanncToB B pasnunyHbix cdoepax brnsHeca. PoHL 6nbnmMoTekn chopMMpPOBaH C y4ETOM BCEX
N3MEHEHMI 06pa3oBaTeNbHbIX CTAaHAAPTOB M BKKOYAET y4ebHMKM, yyebHbie nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraumm, SHUMKNONEONN, CIOBapu U CNPaBOYHNKN,
3aKkoHo4aTeNbHO-HOPMaTMBHbIE OOKYMEHTbI, CreunanbHbie Nnepnognyeckme n3aadms n n3naHus,
BbiNyckaeMble nagatenncrsamm By30B. B HacToswee Bpems 95C ZNANIUM.COM cooTteeTcTBYET
BCceM TpeboBaHMaM henepanbHbIX roCynapCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanus (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HANIMYUN B
3NEeKTPOHHO-6MbNMoTeYHOM cucteme Mapatennctea "MlaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MN3patenbctia "flaHb" BKOYAET B cebs aNEKTPOHHbIE BEPCUMUN KHUT U3[aTENbCTBA
"IlaHb" 1 opyrux Beaywmux n3natenbCcTB y4ebHo nuTepaTtypbl, a TakXXe 9NeKTPOHHbIE BEpCUm
NepuoanyecKnxX N3aaHum No eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneunBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3oaHmam no MakCManbHOMY KONMMYeCTBY NPOOUbHbBIX HanpasneHui ¢
cobntoeHneM BCex aBTOPCKUX M CMEXHbIX NPas.

YuebHble ayantopum ansa nposeneHnsa NneKUMOHHbIX U OpYyrnx ayAnTopHbIX 3aHATUIN C HANM4YMeM
60nbWKNX OOCOK ANS NCbMa MENIOM UK MapKepowm.

Mporpamma coctaeneHa B cootBeTcTBUM ¢ TpeboBaHussMm ®rOC BIMO u y4ebHbIM NnaHoM no
HanpasneHuto 28.03.01 "HaHOTEXHONOrMM 1 MUKPOCUCTEMHAS TEXHUKA" U NPOJOUNIO NOArOTOBKUN He
npeaycMOTPEHO .
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