Lokyment nonrmcar npd IAHAGCEERCEFBO HAYKH U BBICIIEI'O OBPA3OBAHUSA

NHbopmaums o Bnagenbue:
®WO: CmupHoB Cepreit Hukonaesny

POCCHHCKOHN ®EJEPALINU

[lomxHoCTb: BpUO pe % %
lara nogmCans: ﬁﬁgf}ég‘)gﬁg «TBEPCKOU I'OCYAAPCTBEHHbBIM YHUBEPCUTET»

YHUKanbHbI MPOrpaMMHbIA KIKOY:

69e375c64f7e975d4e8830e7b4fcc2ad1bf35f08

3akperieHa 3a
Kadeapoii:

Hanpasnenue
MOJATOTOBKHU:

HanpasnenHnocts
(mpoduns):

Ksamudbukanus:

®dopma oOyueHus:

Cemectp:

YTBepxaaro:

» nyKOBOW@
e -/ B.B.Ileapko

' << 21 » ;’5// 4 Mast 2024 .

Pabouas nmporpamMmma JTUCIUIIIAHBI

JIEKTPOANHAMHUKA
Oo01weit pusuku
03.03.03 Pagnodusuka

MatepuaJibl M YCTPOiicTBa PagH0IJIEKTPOHUKHI
(0ecnnJIOTHBIE CHCTEMBbI, IPOTPAMMHO-ANINAPATHbIE

Bbakajaasp

OYHas

5,6

[Iporpammy coctaBui(H):

Kauo. uz.-mam. nayx, ooy., Cooonsxos H.IO.

Teeps, 2024



1. HEJIM U BAJJAYU JUCHUTIJIMHBI
ean ocBOeHNUSI AUCHUNJIMHBI (MOAYJISA):

M3y4YEHUE U OCBOCHME CTYACHTAMU OCHOBHBIX TEOPETUYECKUX METO/0B OIMCAHUS U
UCCIICIOBAaHMS AJIEKTPOMArHUTHBIX SBJICHUN U IPHOOPETEHNE HABBIKOB CAMOCTOSITEIBHOM
IIOCTAaHOBKH U PEIICHMS 3a7a4 KIIACCUYECKOU 2JIEKTPOAMHAMUKH. [laHHas qucuuImHa
IpEeJCTaBIsIeT COOOW OJIMH U3 BAKHEHUIHNX pa3iesioB npodeccruoHaibHOro ukia « Teopernyeckast
¢dusnkay. 3HaHUE €€ HeOOXOAUMO IS CIICIMATNCTA, PA0OTAOIIEro B 001acTH (PU3UKH.
DJEKTpOIMHAMUKE TPUHAICKUT OJHO M3 BAXKHEHIIUX MECT B Py APYTUX pa3ieioB GU3NKU HE
TOJILKO M3-3a €€ BEChbMa 3HAUUTENILHOTO PUKJIAHOTO 3HAYECHUs, HO U Oiaroaps ee
UCKJTIOUUTENFHON POJIM B MO3HAHUK IPUPOABI, B TOM YHCiI€ B (POPMUPOBAHUN KBAHTOBOM TEOPUH U
TEOpUHU OTHOCUTEILHOCTHU. B CBsA3M ¢ 3TUM nepBoii 3aaueil Kypca « DJIeKTpOJUHAMUKA» SBIISETCS
dbopMUPOBaHKE y CTYICHTOB €IUHOM, TOTUIECKH HEITPOTUBOPEUUBOI (PH3NIECKON KaPTHHBI,
CBSI3BIBAIOLLEH BCE U3y4aeMBbIe SIBJICHUs, TCOPUM U MOZECIIN UX onucanus. IIpu aTom pemaercs
3agada OPMHUPOBAHUS HAYYHOTO MUPOBO33PEHUS U COBPEMEHHOTO (PU3NUYECKOTO MBIIUICHUSI.
N3yuyenue Kypca T0JKHO IPOUCXOAUTh TIOCIEI0BATENBHO, HE OTPAHUYUBAACH TOIBKO
HNOHSTUMHBIM aIIapaToM, CO CTPOTMM MaTEMaTHUYECKUM U JIOTHUYECKUM 00OCHOBAHHUEM BCEX
IIOJIy4a€MbIX PE3YJIbTATOB B paMKaX HCIIOJIb3YEMBIX TEOPETUYECKUX MoJeneil. B pesynbrare
U3yUYEHHsSI Kypca CTYACHTHI JOJDKHBI YCBOUTH (DYHIAMEHTAIBHYIO 0a3y TEOPETHUECKUX 3HAHUH 110
3JIEKTPOIUHAMUKE, & TAKKE MOJYYUTh CUCTEMY MPAKTUUECKUX HABBIKOB UCIOJIb30BaHUS ITUX
3HAHUU JJI1 TOCTAHOBKU MaTEeMaTUYECKOM 3a7aun OMKUCaHUs JTF000ro SIBICHUS WU Tpoliecca,
CBSI3aHHOT'O C 3aKOHAMM 3JIEKTPOMArHeTU3Ma, U MOCJIEI0BATEIbHOTO PEIICHUS 3TOU 3a/1a4u.

IIporpamma Kypca CTpOUTCSI Ha OCHOBE C YTBEPXK/IEHHBIMU CTaHAAPTAMU Ha JUCLUILIMHBI
«ONEeKTpOoIMHAMUKa» U «DJIEKTPOJUHAMUKA CIUIOMIHbIX cpe». OObeIlMHEHNE B OJJHOM KYpCe 3TUX
JUCIATUTMH 00ECTIEYNBACT EANHYI0 METOAO0JIOIMYECKYI0 OCHOBY JJISl MX YIITyOJIEHHOTO M3y4YeHUS U
JUIS LIUPOKOT'O UCIOJIb30BaHMs B MOCIIEIYIOIINUX 0a30BbIX YUEOHBIX Kypcax, a TAKXKe B
CHEeNHATBHBIX Kypcax, M3y4aeMbIX Ha (PU3UKO-TeXHHUECKOM (akynbTeTe. Kpome Toro, 310
MO3BOJIET U30€KaTh U3JIUIIHETO TyOIUpPOBaHUs B YCIOBUAX OOLIETO euIuTa ayAUTOPHBIX
yueOHbIX yacoB. Kypc conepkut 26 pazzienos, B TOM YHCII€ OCHOBHBIE YpaBHEHHUS
AIIEKTPOIMHAMUKH U TEOPUH JIEKTPOMArHeTu3Ma, JIeKTPOMarHuTHBIE MOJIS U BOJIHBI 3a/1aHHBIX
MCTOYHUKOB, 3JIEKTPOMArHUTHBIE T1OJISI U BOJIHBI 33JaHHBIX HCTOUYHUKOB, B3aUMO/IEHCTBHE
AIIEKTPOMArHUTHOTO TOJIA € 3apsiAaMU, PETUBUCTCKAs AIEKTPOAUHAMUKA.

3apaum:

- U3y4EHHE NIPUHLINIA PENATUBUCTCKON HHBAPUAHTHOCTU 3aKOHOB DJIEKTPOJAUHAMUKH;

- IPUHLINIIA CYNIEPIO3ULIUU TTOJIEH;

- IPUHLUIA KaTMOPOBOYHOM MHBApPUAHTHOCTH;

- IPUJIOKEHUH METO/I0B MaTeMaTUYeCKOn (PU3UKHU JJIs peIleHUs] OCHOBHBIX 3aay
JJIEKTPOIUHAMHUKMU:

a) JIBM)KEHHE TOYEUHBIX 3apsAI0B B JIEKTPOMArHUTHOM I10JIE;

0) onucaHue NoJel Co3/1aBaeMbIX CUCTEMaMH 3aps/I0B;

B) paclpOCTPAHEHUE IEKTPOMArHUTHBIX MOJIEN B BAKYYME U BELLIECTBE.

Meroauka npenoaaBaHus Kypca UIe0JIOrHYECKA COOTBETCTBYET COAEPIKAHUIO Kypca
teopernyeckoit ¢uzuku JI.J[Jlannay u E.M. JIudpmmuna u nexumit no ¢pusuke P.dDeitnmana,
KOTOPBIE MPEJICTABISAIOT MPU3HAHHBIE CTAHAAPTHI MIPETIOIaBaHUS TEOPETHUECKON (PU3UKH.

2. MECTO JUCHUMIIJIMHBI B CTPYKTYPE OOII
Huxn (pazmen) OIl: B1.0O
TpeOoBanus kK npeABapuTeIbHON MOATOTOBKE 00y4aI0ILerocs:

MaremaTuyecKuii aHAJIN3
AHanmuTHYeCKasi TeOMETPHS U JIMHEWHAs anreopa
BekTopHbIi ¥ TEH30PHBIN aHAIU3



Teopust GpyHKINH KOMITIEKCHOTO TIEPEMEHHOTO
MeToabl MaTeMaTHYeCKON (PU3UKU

Jducuniannabl (MOAYJIM) M MPAKTUKH, IJIs1 KOTOPbHIX OCBOCHHUE JAHHOM TN CIUIIINHbI
(MomyJis1) He00X0AUMO KaK NMpeauecTBylolee:

Teopernyeckas MeXaHHUKa
KBaHnToBas MmexaHUKa
PacnipocTpanenue 35eKTpOMarHuTHBIX BOJTH

[IpennumuioMHas npakTuka
3. OFBEM JJUCHHUIIVINHBI

O01mas TPyA0eMKOCTD 7 3ET
Yacos 110 yueOHOMY IUIaHY 252
B TOM YHCJIE:

ayJIUTOPHBIC 3aHATHUS 124
CaMOCTOSTENIbHAS padoTa 101
4acoOB Ha KOHTPOJIb 27

4. INIAHUPYEMBIE PE3YJIBTATBI OBYYEHUSA 110 JUCHUIIINHE,
COOTHECEHHBIE C INTAHUPYEMBIMHU PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOT'PAMMBbBI

OIIK-1.1: Obnagaer 6a30BBIMU 3HAHUSMHU B 00JaCTH (PU3UKU U paguoPpU3UKU

OIIK-2.2: IIpoBOIUT TEOPETUYECKOE H3YyUCHNUE OOBEKTOB, CUCTEM U TIPOIIECCOB B PaMKax
TEMbI HAYYHOT'O UCCIICIOBAHUS

VK-1.1: Ananusupyer 3aady, BblIeNsIsI €€ 0a30Bble COCTABIISAIOLINE

YK-1.2: Onpenensietr, THTEPIPETUPYET U paHKUPYET HH(POpMaLNIO, TpeOyeMyIO JUIs
pelIeHHs TOCTAaBICHHON 3a7jauu

VYK-1.5: PaccmarpuBaeT u npezyiaracT BO3MOXKHBIE BAPHUAHTHI PEIICHUS [TOCTABJIEHHOM
3a/1a4M, OLICHUBAs UX JOCTOMHCTBA U HENOCTATKH

S. BUIAbI KOHTPOJIA

Buapr KOHTPOJIA B CCMECTpPaAX:

9K3aMCHbBI 6

3a4YE€THhI 5

6. A3BIK ITPENNOJABAHUA
SI3BIK TpenogaBaHusi: pyCCKUM.

7. CTPYKTYPA U COAEP)KAHUE JUCHUILIMHBI (MOLY.JIS)

Kon HanmeHnoBaHue pa3ieiioB u Bun Cemectp | Hacos | Hcrtou- | Ilpumeuan-
3aHAT. TeM 3ansaTua | / Kype HUKH ue

Pasnen 1. 1. BBenenue.
OcCHOBHbBIE TIOHATHS BEKTOPHOTO
U TeH30pHOTO aHanu3a. [Ipeamer
anekTpoauHaMuku. Hctopus -
OCHOBHBIE  JTallbl  DBOJIIOLIHH,

COBPEMEHHOE COCTOSIHHE,
NEepCHEeKTUBBl  pa3BuTHs. Poib
AJIEKTPOAMHAMUKHI B
COBPEMEHHOMU bu3nueckoit

kapTuHe mupa. CBsA3b ¢ APyrUMU
JUCLUIIIINHAMMU.




1.1 |Bseneuune Jlex JI1.1 J11.2
JI1.3J12.1
JI2.2 J12.3
2.4
1.2 |Breacuue Cp
Pasnen 2. 2. [TpuHIHTT
OTHOCHUTEJIbHOCTH. CxopocTb
pacrpocTpaHeHHS
B3aUMOJICVCTBHIA. Nurepsan.
CobcTBEHHOE BpEMsL.
[TpeobOpaszoBanue JlopeHua.
[IpeobOpasoBanue CKOpOCTH.
YeTpipexMepHBIC BEKTOPBI.
YeTsipexmepHast CKOPOCTb.
2.1 |IIpuHIMIT OTHOCUTEIBLHOCTH Jlek
2.2 |[IpuHIUI OTHOCHUTEIILHOCTH IIp
2.3 | [IpuHIMI OTHOCHUTEIEHOCTH Cp
Pazmen 3. 3. PenstuBucTcKas
MEXaHHUKa. [TpuHIMO
HAMMEHBILIETO JICUCTBUA.
OHeprus u HMITYJIBC.
[IpeobOpaszoBanue byHKIIT
pacnpenenenus. Pacnaa yactur .
WNHuBapuanTHOE CEeueHHe
Yipyrue CTOJIKHOBEHUs YacTHILL.
MoMeHT umnyJibca.
3.1 |PenstuBucTCcKas MexaHHKa Jlex
3.2 | PenstuBHCTCKAs MEXaHUKA IIp
3.3 |PenstuBuUCTCKas MEXaHHUKA Cp




Pasnen 4, 4,
AJIEKTPOMarHUTHOM
OneMeHTapHble  YacTHLBI B
Teopuu OTHOCHUTEIILHOCTH.
YeTblpexMepHbIN [IOTEHLINAII
nojsi. YpaBHEHUE  JIBUKEHHUS
3apsaa B mosie. KanuGpoBouHas
MHBAapUaHTHOCTb.  [locrosiHHOE
AJIEKTPOMArHUTHOE ToJIe.
JBr>xeHue B IIOCTOSTHHOM
OJTHOPOJITHOM IIEKTPUYECKOM
noJyie. J[BukeHue B MOCTOSIHHOM
OJIHOPOJAHOM MAarHUTHOM IIOJIE.
JIBukeHue 3apsijia B IOCTOSHHBIX
OJIHOPOJHBIX JJIEKTPUYECKOM U
MarHUTHOM  moJsiX.  TeH3op
AJIEKTPO-MarHUTHOI'O IIOJISL.
[IpeoOpazoBanue Jlopenua s
noJisi.2 IHBapHaHThI MOJIS.

3apsg B
noJie.

4.1

33.p$[,[[ B 9JICKTPOMAIroduTHOM I10JIC

Jlex

4.2

33.p$[,[[ B 9JICKTPOMAIrduTHOM I10JIC

4.3

33.p$[,[[ B 9JICKTPOMAIroduTHOM I10JIC

Pazpen 5. 5.
3JIEKTPOMAarHuTHOTO OJIS.
ITepBas napa YpaBHEHHI
Makcsena. HevictBue s
AJIEKTPOMAarHUTHOTO OJIS.
UYeTblpexMEpHBIA  BEKTOp TOKA.
VYpaBHeHHe HEIPEPBIBHOCTH.
Bropas napa YpaBHEHUI
Makcsemna. [I10THOCTE M ITOTOK
DHEPIHH. Tenzop
SHEPTUH-UMITYJIbCA. Tenzop
SHEPruu - UMITyJIbCa
AJIEKTPOMAarHUTHOTO OJIS.
Teopema  Bupmanal. Tenzop
SHEPrUU-UMITYJIbCA
MaKpOCKOITMYECKHX Tell. |

YpaBHeHus

5.1

YPaBHeHI/IH SJICKTPOMAarHuTHOTO
I10JIA

Jlek

5.2

YPaBHeHI/IH SJICKTPOMAarHuTHOT O
I10JIA

Ilp

5.3

YPaBHeHI/IH QJICKTPOMAarHuTHOTO
I1O0JIA




Pasnen 6. 6. IlocrosHHOE
AIIEKTPOMArHUTHOE TIOJIe. 3aKOH

Kynona.  Dnektpocratnyeckas
SHEPrus 3apsa0B. [Tone
pPaBHOMEPHO JBUKYIIETOCS
3apsna. JBr>xenue B
KYJIOHOBCKOM TM0JIe. JIMIONbHBII
MOMEHT. MynpTUIIONBHBIE

MOMeHThI. CucTtema 3apsjioB BO
BHemHeM mnoiue. IlocrosHHOE
MarHuTHoe Toje. MarHuTHBIN
MoMeHT. 2. Teopema Jlapmopa

6.1

ITocTOSIHHOE AIEKTPOMArHUTHOE
10J1e

JIex

6.2

ITocTOSIHHOE AIEKTPOMArHUTHOE
10JIe

Ilp

6.3

IlocTOSIHHOE AIEKTPOMATrHUTHOE
10JIe

Paznen 7. 7. DneKTpoOMarHuTHBIE
BOJIHBI. BonHOBOe ypaBHEHHE.
ITnockue BOJIHBI.
MonHoxpomarhdeckasi  IUIOCKas
BOJIHA. CrnekTpalibHOE
pasiioKCHHE. YacTuyHO
MOJISIPU30BaHHBIN CBeET.
Paznoxxenue
3JIEKTPOCTATHYECKOTO MOJIA.
CoOcTBEHHBIE KOJIEOAHMS OIS

7.1

SJIGKTpOMaF HHUTHBIC BOJIHBI

JIlex

7.2

SJIGKTpOMaF HHUTHBIC BOJIHBI

Ip

7.3

SJIGKTpOMaF HHUTHBIC BOJIHBI

Pazmen 8. 8. Pacmpocrpanenue
cBeta. ['eoMerprueckas OITHKA.
NHTEHCHUBHOCTS. Yrnosou
dMKOHaJ. TOHKME IydKH Jyden.
OtoOpakeHue IIUPOKUMU
IydKaMu  JIyden. [Ipenensr
reOMETPUYECKOMN OIITHKH.
Hudpakmms. Hudpakimst
®penerns. Hudpaxius
®paynrodepa

8.1

Pacnipoctpanenue cBera

Jlek

8.2

Pacnipoctpanenue cBera

Ilp

8.3

Pacnipoctpanenue cBera

Cp




Paznen 9. 9. [lone mBwxymmxcs

3aps1i0B. 3ana3aplBarole
MOTEHLUAIIBI. [ToreHunansl
JInenapa - Buxepra.
CrnexrpanbHoe pasiloKeHue

3ama3/bIBAOIUX  IOTCHIMAJIOB.
Oyukuua Jlarpanixka ¢ TOYHOCTBIO
JI0 WIEHOB BTOPOI0 NOpsiIKa

9.1

ITone ABMKYIIHUXCA 3apsAa0B

Jlek

9.2

ITone ABMKYIIHUXCA 3apsAa0B

9.3

ITone ABMKYIIHUXCA 3apsAa0B

Cp

Pazmen 10. 10. Wsmyuenue
AJIEKTPOMAarHuTHBIX BosH. [loine
CUCTEMBl 3aps0B Ha JalleKUX
pacCTOSHUSAX. JunonsHoe
U3JIy4CHHUE. JunonbHoe
U3JTy4YEHUE NPU CTOJIKHOBEHMSIX.
TopMO3HOE H3IydeHHE MaJbIX
4acToT. N3nyyenue pu
KYJIOHOBCKOM  B3aUMOJECHCTBUHU.
KBanpynosbHoe 51
MarHuTO-JUIIOJIBHOE U3JIyYEHUS.
[lone wu3nyueHus Ha OJU3KUX
paccrosiHusax. M3nydenue ObicTpo
JBUKYLIErocs: 3apsiia. Maruuro-
TOPMO3HOE U3ITyYEHHeE.
Topmoxenue U3JIyYECHHUEM.
TopMoxkeHue  U3JIy4eHHEM B
PESITUBUCTCKOM ciyJae.
CnekTtpanbHOe pa3noKeHHe
U3ITy4eHUs B
YIBTPApEISITUBUCTCKOM  CIIydae.
Paccesane CBOOOIHBIMUA
3apsgamMu. PaccesHne BOJIH ¢
MajgblMM yacTtoTamu. PaccesHue
BOJIH C OOJIBIIIMMH YaCTOTAMH.

10.1

N3nydeHne 2IeKTpOMarHUTHBIX
BOJIH

Jlek

10.2

HSJ’Iy‘ICHI/IC SJICKTPOMArHuTHBIX
BOJIH

Ip

10.3

HSJ’Iy‘ICHI/IC SJICKTPOMArHUTHBIX
BOJIH

Paznen 11. 11. DnexTpocTaTUTKa

IIPOBOJHUKOB.
DIEKTPOCTaTHYECKOE 1oJje
IIPOBOJHUKOB. OHeprus
IIEKTPOCTATUYECKOTO oJIs
IIPOBOJAHMKOB. MeToabl peleHus
AIIEKTPOCTATUYECKUX 3a1a4.2
Cuna, JENCTBYIOLIAs Ha

IIPOBOJIHHUK.




111

DNEeKTPOCTaTUTKA MPOBOJHUKOB

Jlek

11.2

SHGKTpOCTaTI/ITKa MMPOBOJHUKOB

Ilp

11.3

3JI€KTpOCTaTI/ITKa IMPOBOJHUKOB

Paznen 12. 12.0nekrpocraTuka
JDJIEKTPUKOB.
ONeKTpocTaTUYECKOe  IOoJE B
JIUAJIEKTpUKax. Juanexkrpuueckas
IIPOHULIAEMOCTb.
TepmoauHamMuueckue
COOTHOLUEHUS I TUAIEKTPUKOB
B 3JeKTpudeckoM mnoje. Ilonnas
cBOOOIHAs JHEeprus
JUBJIEKTPUIECKOTO Tena.
ONEKTPOCTPUKLUSA ~ M30TPOIHBIX
JUAIIEKTPUKOB. [Ibe30asekTpukn
Y CErHETORIIEKTPUKH.

121

DNEeKTPOCTaTHUKA TUIEKTPUKOB

12.2

DNEeKTPOCTaTHKA TUIIEKTPUKOB

12.3

DNEeKTPOCTAaTUKA TUIIEKTPUKOB

Pazmen 13. 13. [TlocrostHHBIHA
ANEeKTpUYeCcKuid TOK. IImoTHOCTH
TOKa M TPOBOAMUMOCTH. DPQeEeKT
Xomrma. KoHTakTHas pa3HOCTH
NOTEHIMANOB. [ 'ampBaHMYECKUI
aeMeHT. TepMOolIeKTprUYecKue
SBJICHUS.
TepMoraabBaHOMAarHUTHbIE
SBJICHUS.

131

ITOCTOSIHHBIN IEKTPUIECKUI TOK

JIek

13.2

ITOCTOSIHHBIN IEKTPUYECKUI TOK

Ilp

13.3

ITOCTOSIHHBIN IEKTPUIECKUI TOK

Paszgenr 14. 14. TlocrosinHoe
MarauTHoe mone. IlocrosHHOE
MarguTHoe TIIojie. MarautHoe
oJie IMOCTOSIHHBIX TOKaB.
TepMoguHamMu4eckre
COOTHOIIIEHHS B MAarHUTHOM I10JIC.
ITonmnas oSHeprust MarHeTHKa.
OHeprus CHCTEMBI
TOKOB.CaMOMHAYKIUS JTMHEHHBIX
MIPOBOJHUKOB. (@)78)151 B
MardHuTHOM oJIe.
['upoMaruuTHbIE siBNIEHUS. |

141

ITocTossTHHOE MarHUTHOE I10JIE

Jlex




14.2 |IlocTostHHOE MarHUTHOE TOJIE IIp

14.3 |IlocTOSSHHOE MarHUTHOE I0JIe Cp
Paznen 15. 15. ®deppomarneTusm
U aHTH(EepPPOMArHETU3M.
MaruauTHas CAMMETPHUS
KPUCTAJIOB. depoMarHeTuk
BOJIH3U TOYKHU Kropu.
MarauToCcTpuKLIMS
(beppoMarHeTHKOB.
AHTH()EppOMarHeTUK BOJIM3M
touku Kropu.

15.1 |®deppomarneTusm u | Jlek
aHTU(eppOMarHeTu3M

15.2 [®eppomaraernzm u|(Ilp
aHTU(EPPOMATrHETH3M

15.3 [®eppomaraernzm u|Cp
aHTU(EPPOMArHETU3M
Paznen 16. 16.
CBepXnpoBOIUMOCTb.
MarunutHble CBOMCTBA
CBEPXIPOBOIHHUKOB.
CaepxnpoBoasui TOK
Kpurnueckoe noJie.
IIpomMexxyToO4HOE COCTOSIHUME U
€ro CTPYKTYpA.

16.1 [CBepxmpoBOIUMOCTb Jlex

16.2 [CBepxmpoBOIUMOCTb IIp

16.3 [CBepxmpoBoIUMOCTb Cp
Pa3znen 17. 17.
KBazucrannonapuoe
3JIEKTPOMarHuTHOE noJe.
VYpaBHEeHHE KBa3UCTALMOHAPHOTO
nons. ['myOuHa NPOHUKHOBEHHUS
MarHUTHOTO MOJII B MPOBOJHMK.
CxuH->QPexT. KomnekcHoe
comporuBinenue.l  EMkocts B
HEenH KBa3MCTAIMOHAPHOTO
Toka.l JIBM>KeHue MPOBOJHHUKA B
MarHuTHOM I1oJie. |

17.1 |KBasucrammonapHoe Jlex
AJIEKTPOMArHUTHOE TTOJIE.

17.2 | KBasucranuoHapHoOe IIp
HJIEKTPOMArHUTHOE MOJIE.

17.3 [KBasucranmnonapHoe Cp

SJICKTPOMAIrHUTHOC IOJIC.




Pasmen 18. 18. MaraurHas
TUAPOJIUHAMUKA. YpaBHeHue
JIBIKCHUS JKHIKOCTH B
MAarHUTHOM IT10JI€.JUCCUITATUBHBIC
MPOLIECCHI B MarHUTHOU
TUAPOJUHAMUKE.

MarsuToaMHaAMHUYECKUE BOJIHBI.
VYnaapuble ~ BOJHBL.  YCIOBHUE
ABOJIIOIIMOHHOCTH YIapHBIX BOJIH.

18.1

MarauTtHas ruapoavuHaMuKa

Jlek

18.2

MarauTtHas ruapoavHaMuKa

18.3

MarauTtHas ruapoavHaMHuKa

Cp

Pazmen 19. 19. Vpauenwus
AJIEKTPOMarHUTHBIX BOJIH.
YpaBHeHUs MO B AUDIIEKTPUKAX
B OTCYTCTBHUH JUCIIEPCUH.
DNEeKTpOJUHAMUKA JABMKYILIHUXCS
JIIJIEKTPUKOB. Hucnepcus
JIUAIIEKTPUIECKOU
IIPOHUIIAEMOCTH.
Jusnexrpudeckas
IPOHULAEMOCTh  IIPU  OYEHb
Oonpmux yacrtorax. Jucnepcus
MarHUTHOU [IPOHULIAEMOCTH.
OHeprus noJisg JUCHEPrUPYIOIINUX
cpemax. AHaTuIn4YecKue
cBoiictBa (Qynkiuu . Ilnockas
MOHOXpOMaTHYECKast BOJIHA.
IIpo3paunsle cpesl.

191

YP ABHCHUA  3JICKTPOMAIrHUTHBIX
BOJIH

JIlex

19.2

YP ABHCHUA  3JICKTPOMAIrHUTHBIX
BOJIH

Ip

19.3

YP ABHCHUA  3JICKTPOMAIrHUTHBIX
BOJIH

Cp

Paznen 20. 20. Pacnipoctpanenue
AIIEKTPOMarHUTHBIX BOJIH.
I'eomeTpuyeckas OIITHKA.
OTpaxeHMe W  IPEIOMIIEHUE
BOJIH. [I0BEpXHOCTHBIX UMII€IaHC

METAJLJIOB. Pacnpoctpanenue
BOJH B HEOJHOPOJHOWU Cpene.
[TpuHIMn B3aMMHOCTH.

DNIeKTpOMarHuTHbIE  KOJeOaHus
BOJIH B IIOJBIX PE30HATOPAX.

Pacnpoctpanenue
OJICKTPOMAarauTHBIX BOJIH B
BOJIHOBOJAaX. Paccesnue u

MOTJIONICHHUE DJICKTPOMArHUTHBIX
BOJIJH Ha MaJbIX YacTHIaX.
Judpaxus Ha KJIMHE U IJIOCKOM
JKpaHe.




20.1

Pacnpoctpanenue
9JICKTPOMATrHUTHBIX BOJH

Jlek

20.2

Pacnpoctpanenue
AJIEKTPOMATrHUTHBIX BOJIH

Ilp

20.3

Pacnipoctpanenue
9JICKTPOMAIrHUTHBIX BOJH

Paznen 21. 21.
DJIEKTPOMarHuTpHbIE BOJIHBI B
AQHU30TPOIHBIX cpenax.
Jusnexrpudeckas
IIPOHULIAEMOCTh KPUCTAILIOB.
[l;mockas BoHA B aHU30TPOMHOM
cpene.Ontuueckue CBOMCTBa
OJIHOOCHBIX KPHUCTAJUIOB.
JIByOCHBIE KpUCTAILIIBI.

21.1

3H€KTpOMaFHI/ITpHI)I€ BOJIHBI B
AHNU30TPOIHBIX CpEaax.

JIek

21.2

3H€KTpOMaFHI/ITpHI)I€ BOJIHBI B
AHN30TPOIHBIX CPpEaax.

Ilp

21.3

3H€KTpOMaFHI/ITpHI)I€ BOJIHBI B
AHNU30TPOIIHBIX CpEaax.

Cp

Paznen 22. 22.
IIpocTpaHcTBEHHass  qUCHEPCHS.
IIpocTpaHcTBEHHass  qUCHEPCHS.
EcrecTBeHHas OIITUYECKas
aKTUBHOCTB. IIpocTpaHHCTBEHHAs
JUCIIepCUs OTIUYECKU
HEaKTUBHBIX cpenax.
IIpocTpaHcTBeHHass — guUcHEpCHs
BOJIN3M JIMHUH TTOTJIOIICHUS.

22.1

IIpocTpaHcTBEHHAs TUCIIEPCHSL.

22.2

IIpocTpaHcTBEHHAs JUCIIEPCHSL.

22.3

IIpocTpaHcTBEHHAs TUCIIEPCHSL.

Pasmen 23. 23. Henuneiinas
ontuka. [IpeoOpa3oBaHe 4acToT B
HEJIMHEMHBIX cpenax.
Henunelinas MPOHUIIAEMOCTb.
I'enepanyst BTOpPOM TapMOHMKHU.
CuiibHbIE AIIEKTPOMArHUTHBIE
BOJTHBI. Briayxaennoe
KOMOWHAIIMOHHOE PaCCesHHE.

23.1

Henuneninas ontuka

Jlex

23.2

Henuneninas ontuka

Ip

23.3

Henuneninas ontuka




Paznen 24. 24. TlpoxoxaeHue
OBICTPBIX 4acTHULL qyepes
BEILIECTBO. HNonusanuonusie
noTepu 6LICprIX qacTun B
BEILECTBE. N3nyyenue
YepeHnkona.

24.1 |IIpoxoxaeHue ObICTpbIX uacTull|Jlek 6 2
yepes3 BeLECTBO.

24.2 |IIpoxoxnaenue ObicTpbix uactul |Ilp 6 2
yepes3 BeLECTBO.

24.3 |IIpoxoxaenue ObicTpbix uactuil|Cp 6 5
yepe3 BEIEeCTBO.

Pasnen 25. 25. Paccesuue
3JIEKTPOMAarHUTHBIX BOJIH.
[Tpunwmi 1eTasbHOrO0 PaBHOBECHS
npu  paccessHud. PaccesHue ¢
MaJIbIM HM3MEHEHHEM YacCTOTHI.
PeseeBckoe paccesiHue B raszax u
JKHJIKOCTSX.

25.1 |PaccesHue siekTpoMarHUTHBIX | JIek 6 2
BOJTH

25.2 |Paccesnune snmexTpomMarHUTHBIX | [1p 6 2
BOJIH

25.3 |Paccesnue snmexTpomarHuTHBIX | Cp 6 4
BOJIH

Paznen 26. 26. dudpakous
PCHTTEHOBCKUX nyqei B
KpHUCTaJlIax.

26.1 |26. Hdudpakmus peHTreHOBCKuX |Jlek 6 2
Jy4el B KpUCTaJLJIaX.

26.2 | Audpaxius pentreHoBckux | [Ip 6 2
Jy4el B KpUCTaJLIAX.

26.3 | Audpaxius peHtreHoBckux | Cp 6 2
Jy4el B KpUCTaJLIAX.

Paspgen 27. bx3ameH

27.1 |»>kx3ameH Ok3ameH |6 27

8. OHEHOYHBIE MATEPHAJIbBI JI51 IIPOBEJEHWA TEKYIIEA N
MNPOMEXYTOYHOU ATTECTALIUN

8.1. OneHo4Hble MaTEepHAJIbI JJIs1 NPOBECHUS TEKYIIeH ATTeCTAUI

1. HaiiTu 3akoH npeoOpa3zoBaHus MIIOTHOCTH SHEPTUH, INIOTHOCTH IMOTOKA SHEPTUU U
KOMIIOHEHT Te€H30pa HanpspKeHUi npu npeodpazoBaHuu Jlopenna.

2. HaiiTu 3aKOH NpeJIOMJICHHS JIMHUM TOKA Ha TUIOCKON MOBEPXHOCTH pa3zielia IBYX CpeJ C
POBOAMMOCTSAMU  S1 1 S2.

3. [onyuuts 3axoH J[xoymns-Jlenna B guddepennnansaoi hopme.

4. Onpenenuts qudpakuuio OpayHrodepa npu HOPMaILHOM MMAJCHUHN TJIOCKOH BOJHBI HA
OECKOHEUHYIO IIeb IUPUHBl € TapaJlIeIbHbIMU KPasMU, IPOPE3aHHYIO B HEITPO3PAuHOM DKpPaHE.

5. Pa3noxuTh moje paBHOMEPHO U MPSAMOJIMHEWHO JIBIKYILETOCs 3apsaa Ha MIIOCKHE
BOJIHBI.

6. OnpenenuTb COOCTBEHHBIE YACTOTHI AIEKTPUUECKUX KOJICOaHUH B IBYX UHIYKTHUBHO
CBSI3aHHBIX KOHTYpax, cojepxamux camonHaykiuu L1 n L2, emxoctu C1 u C2 .




8.2. OneHOYHbIE MaTEePHUAJIbI /IS IPOBEIeHUS POMEKYTOYHOM aTTeCTAMHU

CM. IPUJIOKEHHUE
8.3. TpeGoBaHus K PEITUHI-KOHTPOJIIO

dopma NnpoBeIeHNs FK3aMEHA: CTYIEHThl, OCBOUBILUE IIPOrpaMMy Kypca MOTYT IOIY4YHUTh
OLICHKY 10 UTOTaM CEMECTPOBOM U MOJTYyCEMECTPOBOM PEUTUHIOBOM aTTECTALUH COTIIACHO
«ITonoxenuto o peiituHrosoii cucreme ooyuenust TBI'Y» (mporokon Ne8 ot 30 anpesnsa 2020 r.).

Ecnu ycnosus «llonoxxeHust 0 peHTHHTOBOI CUCTEME ...» HE BBIIOJIHEHBI, TO 9K3aMeH
caaercs coriacHo «IlonoxeHno o MPOMEeKyTOUHOM aTTecTaluy (IK3aMeHax U 3a4eTax)
0o0ydJaronuxcs 1o nporpammam Boiciiero oopazoanust TBI'Y» (mpotokosn Nell ot 28 ampens 2021

T.)

TEK VI KOHTPOJIb YCIIEBAEMOCTH

Monynsb 1: pasnenst 3ananuii — 1, 2, 3, 4,5

Monynsb 2: pasznensl 3aganuii — 6, 7, 8, 9, 10

Monynsb 3: pasnmensl 3aganmii — 11, 12, 13, 14, 15, 16

Monyis 4: pasnensl 3aganuii — 17, 18, 19.20, 21, 22, 23, 24

Ecnu cemecTp 3akaHuMBaeTCs 3a4€TOM, TO MakcuMaibHoe yucio 6amios 100 3a cemecTp.

W3yuenne qUCHUIUIMHEI B TEUEHHE CEMECTpa MOJIpa3/IeiIeHO Ha 2 MOTYJIS:

1 monynb: makcumyMm — 40 OamioB, u3 Hux 30 6amioB — Tekyuias padora, 10 6amioB —
PEUTHUHI-KOHTPOJIb;

2 Moaynb: MakcumMyM — 60 OamioB, u3 HuX 50 6amioB — Tekymias padora, 106am10B —
PEUTHHI-KOHTPOJIb.

Ooyuaromemycst, Habpasmemy 40 0aIOB U BBILIE IO UTOTaM pabOTHI B CEMECTpe,
BBICTaBJIsIeTCA «3aueTy». OOyuaroniuiics, Habpapmumii 10 39 6aI0B, CIaeT 3a4erT.

Ecnu cemecTp 3akaHuMBaeTCs 9K3aMEHOB, BCETO CTYACHT MOkeT noiayduTs 100 6amios = 60
OamioB Ha Moynu + 40 6anIoB Ha YK3aMeHe

B Teuenue cemecTpa ABa paza (Ha MOAYIbHBIX HEJIENSIX) HEOOXOAMMO:

1) caath mpemnogaBaTelNo PEMIeHUs JOMAITHUX 3a/1a4, TOy4YeHHBIX U3 yKa3aHHBIX
COOpPHHKOB 3a7lad — BCETro 110 25 0aoB;

2) moKasaTh KOHCIEKTHI JIEKIIUH 1 CEMUHAPCKUX 3aHIATHI — Bcero 10 10 6amios;

3) OTBETUTH HA BOMPOCHI MPOMEKYTOYHON aTTECTAIIMU U TECTa — BCEro J10 25 0aios.

Obyuaromemycsi, HaOpasiemy 4054 Ganna, npu MOJBEICHUH UTOTOB ceMecTpa (Ha
MOCIIEAHEM 3aHITHH MO TUCIUIUINHE) B PEHTHHTOBOM BEIOMOCTH y4yeTa YCIEBAEMOCTH U 3a4ETHOMN
KHIDKKE MOKET OBITh BBICTABIICHA OIIEHKA «YAOBIECTBOPUTEIHHOY.

Ooyuaromiemycs, Habpasiemy 55-57 6anioB, NpH MOABEICHUN UTOTOB ceMecTpa (Ha
MOCJICTHEM 3aHSTUU IO TUCHIUILIMHE) B Tpade peHTUHTOBOM BEOMOCTH yueTa yCIIeBaeMOCTH
«[IpemuanbHbie OamIb» MOKET ObITh 100aBlIeHO 15 GaNIoB U BHICTaBJIEHA SK3aMEHAIIMOHHAS
OIIEHKA «XOPOIIIOY.

O6yuatomemycs, HabpaBiemy S8—60 6amioB, Mpu MOABEACHUN UTOTOB ceMecTpa (Ha
MOCJICTHEM 3aHSTHH TI0 TUCIUILIMHE) B Tpade peHTUHTOBOM BEAOMOCTH ydeTa yCIIeBaeMOCTH
«IIpemuanbHBIC OAIITBI) MOXKET OBITH 00aBIEHO 27 OAJIJIOB M BHICTABJICHA K3aMEHAITHOHHAS
OIIEHKA «OTITUIHON.

OO6yuatomuiicsi, HaOpaBiuit 10 39 6aIOB BKIIOYUTEIHHO, CAET IK3aMEH.

9. YYEBHO-METOJUYECKOE 1 HTHOOPMAIIMOHHOE OBECIIEYEHUE
JTUCIHUATLITAHBI (MOJLY.JIST)

9.1. PexomeHnayeMasi 1uTeparypa

9.1.1. OcHoBHas JuTEpaTypa

HIndgp Jlutreparypa




J1.1

Jlangay, JIudmmun, Teopetndeckas pusuka. Tom 8. DieKTpoauHAMUKa CIUIONIHBIX CPEI,
Mocksa: U3narensckast Qupma "®duzuko-marematnueckas aureparypa” (PM3MATIINT),
2016, ISBN: 978-5-9221-1702-9,

URL.: https://znanium.com/catalog/document?id=369179

J1.2

Jlanpay, Jludmun, Teopernyeckas ¢pusuka. Tom 2. Teopus mons, Mocksa: M3aarenbckas
¢dupma "Ouzuko-matemarnueckas qureparypa" (PU3MATIINT), 2018, ISBN: 978-5-
9221-1568-1,

URL.: https://znanium.com/catalog/document?id=369175

J1.3

bareirun B. B., Tonteirun WM. H., CoopHEK 33724 110 SIEKTPOAMHAMUKE U CIICITHATBHOM
Teopun oTHOcuTenbHOCTH, CankT-IleTepOypr: Jlans, 2022, ISBN: 978-5-8114-0921-1,
URL.: https://e.lanbook.com/book/210440

9.1.2. JlonoJiHUTEIbHAA JIUTEPATYypa

Hudp

Jlutreparypa

JI2.1

JloToB, ®u3uka crutomHeix cpea, Mocksa: FOpaiit, 2022, ISBN: 978-5-534-10208-6,
URL: https://urait.ru/bcode/494788

J2.2

Kpamm M. H., CoopHuK 33724 110 0OcHOBaM 3nekTpoanHamuku, Cankt-IlerepOypr: Jlanb,
2022, ISBN: 978-5-8114-1122-1,
URL.: https://e.lanbook.com/book/210614

J2.3

@anbkoBckuit O. U., Texunueckas anekrpoannamuka, Cankt-IlerepOypr: Jlanb, 2022,
ISBN: 978-5-8114-0980-8,
URL.: https://e.lanbook.com/book/210371

2.4

bpenos M. M., Pymsanues B. B., Tonteirun U. H., Knaccuueckas anexkrpoinHamuka,
Cankr-IlerepOypr: Jlans, 2022, ISBN: 5-8114-0511-1,
URL.: https://e.lanbook.com/book/210194

9.3.1 Ilepevyens MPOrpaMMHOro obecreyeHust

Kaspersky Endpoint Security 10 ans Windows

Adobe Acrobat Reader

Google Chrome

WinDjView

OpenOffice

Mozilla Firefox

Muoro¢dyakunonansHbii pegakrop ONLYOFFICE

o |Nlojlo]b~|lw|N]|EF

.3.2 CoBpeMeHHbIe Tpo(eccHOHAIBHBIE 0a3bl JaHHBIX U MHGOPMAIMOHHBIE CIPABOYHbIE

CUCTEMBbI

Penozurapuii Tel'Y

Hayunas snexrponnas 6ubnnoreka eLIBRARY.RU (nmoanucka Ha *KypHaibl)

OBC TBI'Y

SbC BOOK.ru

9BbC «Jlaup»

OBbC «YHuBepcurerckast OMOIMOTEKa OHIAH

9BbC «IOPAUT»

ool N| o o1 Bl W N

ObC «ZNANIUM.COM»




10. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYHEHUME JUCHUIIJIMHBI (MOJAYJIS)

AynuT-s OobopynoBanue

3-226 KOMIUIEKT y4eOHOU MeOenr, MUKIIEepHBINA MyNIbT, AyAHOKOMIUICKT, IHTEepakTHBHAS
cucTeMa, MpoeKTop, TeleKoMMYHUKAIIMOHHBIE MKa(bI, 5KPaH, KOMIIBIOTED

11. METOJUYECKHUE MATEPHAJIBI VIS OBYUAIOIUXCSI IO OCBOEHUIO
JUCHUIINHDBI

METOJIMYECKUE YKA3AHUSA 10 CAMOCTOSTEJIBHOM PABOTE CTY/JEHTOB 1
PEKOMEHIAIINU K TTPAKTUYECKUM 3AHATUAM
HaunmenoBanue pasnenoB u TeM TeopeTnyeckuii MaTepual Pemenne 3aqad Tuma
1. BBenenue B BEKTOpHBIN U TEH30pHBIN aHamu3 [3], cTp. 6-9; 13-15 [3], Ne 1.9,
1.13,1.25,1.28,1.38, 1.42,1.48, 1.55, 1.63
2. Ilpunnun otHocuTenbHOCTH 1], cTp. 13-43 [3], Ne 3.5-3.8
. PenstuBuctckas mexanuka [1], ctp. 44-68 [3], Ne 4.20-4.22
. 3apsin B aneKkTpoMaraHuTHOM monie [1], ctp. 69-97 [3], Ne 4.73-4.76
. YpaBHEHHS ICKTPOMArHuTHOTO 1ot [ 1], ctp. 98-127 [3], Ne 3.82-3.84
. [locrositaHOE AekTpomMarauTHoe 1ose [1], crp. 128-152 [3], Ne 2.27-2.29; Ne 2.47-2.49
. DnexTpoMarauTHbeie BOJHBI [1], crp. 153-181 [3], Ne 2.89-2.90
. Pactipoctpanenue cera [1], ctp. 182-219 [3], Ne 10.2-10.4
. [Mome pBwoxymmxcs 3apsiaoB [1], ctp. 220-234 [3], Ne 5.47-5.48
10. M3nydenne 31eKTpOMarHuTHEIX BOJH [ 1], ctp. 225-303 [3], Ne 5.71-5.72
11. DnekTpocTaruTka MPoBOTHUKOB [2], cTp. 13-58 [3], Ne 7.27-.729
12. DnekTpocTaTuka TUIIEKTPUKOB [2], cTp. 59-135 [3], Ne 7.1-7.3
13. TlocTostHHBIN AJIeKTpUIECKHi TOK [2], cTp. 126-161 [3], Ne 8.1-8.4
14. TlocrostarOe MarauTHOE TIosie  [2], ctp. 162-196 [3], Ne 8.35-8.37
15. ®eppomarnerusm u antudeppomarsetusm [2], ctp. 197-267 [3], Ne 8.16-8.18
16. CeepxnpoBogumocTs [2], ctp. 268-292 [3], Ne 8.62-8.63
17. KBazucranuoHapHOe JIeKTpOMarauTHoe mose [2], ctp. 293-328 [4], Ne 350-354
18. MarauTHas rugpoanHamMuka [2], ctp. 329-374 [4], Ne 860-862
19. YpaBHeHUs 2JIEKTPOMArHHBIX BOJH [2], cTp. 375-420 [3], Ne 414-421
20. PacipocTpaHeHue 3JIeKTPOMarHUTHBIX BOJH [2], cTp. 421-476 [3], Ne 10.1-10.2
21. DnekTpoMarHuTpHbIE BOIHBI B aHU30TPONHBIX cpenax [2], ctp. 477-513 [3], Ne 10.26-
10.27
22. IIpoctpanctBennas aucnepeus [2], ctp. 514-531 [3], Ne 10.38
23. Henuneiinas ontuka [2], ctp. 532-562 [3], Ne 10.37
24. IIpoxoxaeHue OBICTPHIX YaCTHUII Yepe3 BemecTBo [2], cTp. 563-587 [3], Ne 10.9
25. PaccestHuE 2JIEKTPOMArHbeiX BoH [2], cTp. 588-624 [3], Ne 10.44-10.46
26. Jludpakuust peHTTeHOBCKUX Jy4ell B kpucramiax [2], ctp. 625-643 [3], Ne 10.53

O 03N N A~ W

1) PekoMenayemas nureparypa

a) OCHOBHas JIUTepaTypa

1. JTangay JI.JI. Teopetnueckas ¢usmka: yauedbHOe ocoOue /Ui CTYACHTOB (u3.
cneunanbHoctelt yH-TOB. T. 2: Teopus nomst / JI.J1. Jlannay, E.M. JIndmm; Iox pex. JI. I1.
[Tutaerckoro. — 8-e u3.; crep. — M.: ®usmariut, 2001. — 530 c.

2. Jlanpay JI.JI. Teopernueckas ¢pusuka : yaeOHOe mocoOue st CTYACHTOB (u3.
crienanbHoCcTeN yH-TOB. T. 8: DnekTpoaunamuka crutomHbix cpen / JI.J. Jlanmay, E.M. Jludmu;
[Tox pen. JLIL. ITutaeBckoro. — 4-e u3x.; crep. — M.: ®uzmatiur, 2003, 2005. —651 c.

3. bareirun B.B. COopHuK 3a/1a4 10 371€KTPOIMHAMUKE U CTIEIUaIbHONW TEOPUHU
otHocutenbHOCcTH / B.B. Bateirun, U.H. Tonteirus; — 4-¢ u3a. — CI16.: Jlans, 2010.

—480 c. — [DnexTpoHHBIN pecypc]. — Pexxum nocryna:
http://e.lanbook.com/books/element.php?pll_cid=25&pll_id=544

4. Bateirun B.B. C6opHuK 3a1a4 mo snekTpoarHaMuke: [as By3oB] / B.B. bateirus,
W .H. Torreirun; [Mox pen. M.M. bpenosa. — 2-e u3., ucrip. u 101.

— M.: Hayka, 1970. - 503 c.




0) TOTIOJTHUTEIbHAS JTUTEPATYPA

1. ®anpkoBckuii O.U. TexHudeckas JIeKTpoIuHAMUKA [ DIEKTPOHHBIN pecypc]: yueo.
— Cankr-IletepOypr: Jlaus, 2009. — 432 c. — Pexxum pocryna: https://e.lanbook.com/book/403.

2. bpenoB M.M. Knaccuyeckas siaekTpoanHamMuka: yaeonoe nocooue / M.M. bpenos,
B.B. Pymsnnes, .H. Tonteirun. — Cankr-IletepOypr: Jlans, 2003.

—400 c. — [Dnekrponnsiii pecypc]. — Pexxum mocryma: https://e.lanbook.com/book/606.

3. BynanoB A.B. OCHOBBI AJIEKTPOMHAMUKH: yueOHOE mocooue. — Boponex: BI'YUT,
2010. — 183 c. — [DnexTponHsIii pecype]. — Peskum mocryma: http://biblioclub.ru/index.php?
page=book&id=141645

4. Kpamm M.H. CO60pHUK 33724 110 OCHOBAaM 3JISKTPOIMHAMUKH: ydeOHOE rmocooue. —
Cankr-Ilerepoypr: Jlanb, 2011. — 256 c. — [DaexkTpoHHBIN pecypc]. — Pexxum moctyma:
https://e.lanbook.com/book/1541.

5. I'mnpnendypr B.b. CoopHEK 3a/1a4 110 3JIEKTPOAMHAMUKE: ydeOHOE TTOcOOue s
CTYJICHTOB BY30B, O0yUaromuxcs 1o Gpu3. HanpaBieHUsIM U crerranbHocTsM / B.B. ['uibaenoypr,
M.A. Munnep. — Uzn. 2-e; non. — M.: @usmarnur, 2001. — 162 c.

6. JloroB K.B. ®u3nka CIuIOmHBIX cpefl : yaeOHOe MocoOue Jisi CTYACHTOB YH-TOB /
K.B. JloroB. — Mocksa; IxeBck: H-T koMIbloTEpHBIX HccienoBanuii, 2002. — 144 c.



Bonpocsl TpoOMeEXYTOYHOU aTTECTAIIUU

10.

11.

12.

13.

14,

15.

16.

IIpenmMer 2neKTpOAMHAMUKH.

CxkopocTth pacnpocTpanenus Bzaumoeinctuidi. Uurepsan. CoOCTBEHHOE BpeMs.

[TpeobpazoBanue JlopeHua.
UYeTpipexMepHBIE BEKTOPBI. YeTbIpexMepHasi CKOPOCTb U YCKOPEHHE.
IIpyHIMIT HAUMEHBIIETO JEHCTBUA. DHEPrUs U UMITYJIBC.
[IpeoOpa3oBanue GyHKIUU pacpeeIeHHUs.
Pacrnan wactun. THBapuaHnTHOE CEUEHHE.
Yrpyrue CTOJIKHOBEHHUS YACTHLI.

MomeHT umnyJbca.
DneMeHTapHbIe YaCTULBI B TEOPUU OTHOCUTEIBHOCTH.
YeTpipeXMepHBIN ITOTEHIMAI NTOJISA. Y PABHEHUE ABVKEHHUS 3aps/ia B MOJIE.
KanubpoBouHasi ”HBAPUAHTHOCTb.
ITocTOosIHHOE IEKTPOMAarHUTHOE MOJIE.
JIBM>KEHUE B IIOCTOSTHHOM OJHOPOIHOM DJIEKTPUYECKOM MOJIE.

I[BI/I)KCHI/IC B IIOCTOSAHHOM OJHOPOJHOM MArHMTHOM IIOJIC.

I[BI/I)KGHI/IG 3apsaa B IMOCTOAHHBIX OAHOPOAHBIX JJICKTPUUYCCKHUX W MArHHUTHBIX

ITOJIAX.

17.

18.

19.

20.

21.

TGHSOp QJICKTPOMATIHUTHOI'O ITI0JIA.

[IpeobpazoBanust Jlopenma s nosist. MHBapuaHThI MO,

ITepBas napa ypaBHenurn Maxkcseia. JlelcTBre 1Isl 3JIEKTPOMArHUTHOIO MOJIS.

YeTbipexMepHBIN BEKTOP TOKA. Y PaBHEHUE HENPEPHIBHOCTHU.

Bropas nmapa ypaBaennit Makcesuia. [I10THOCTb 1 MOTOK 3HEPTHUH.



22. Tenzop sHepruu-uMilyibca. TeH30p SHEPIUHU- UMITYJIbCA AJIEKTPOMATHUTHOTO

MOJIA.
23. Teopema Bupuamna. TeH30p SHEPTrHU-UMITYJIbCa MAKPOCKOTTMYECKUX TETI.
24.  3akon Kynona. DnmeKkTpocTaTH4ecKas SHEPTHS 3apsIOB.

25. Ilose paBHOMEPHO ABMXKYIIErocs 3apsijaa. [[BuxkeHne B KyJOHOBCKOM MOJIE.
26.  JIumonabHBIH MOMEHT. MyJIbTHIIOIbLHBIE MOMEHTHI.

27. Cucrema 3aps/10B BO BHEIITHEM TTOJIC.

28. IlocTtossHHOE MarHUTHOE Tosie. MarHuTHBIM MOMEHT. Teopema Jlapmopa.
29. BonHoBoe ypaBHeHue. [Imockue BOTHBI.

30. MonoxpomaTuieckas miockas BosHa. CeKTpaTbHOE Pa3IoKEHHE.

31. YactuuHo mosisApu30BaHHBIN CBET. Pa3noxeHune 31eKTpOCTaTHIECKOTO TOJIS.
32. CoOcTBeHHbIE KOJIeOaHUs MMOJIS.

33. T'eomerpuyeckas ontuka. UHTEHCHBHOCTb.

34.  VYrnoBo# diKOHAI.

35. Toukue myuku mayded. OToOpakeHHE MIMPOKUMH Iydkamu Jiydeit. [Ipemesnbr

F€OMETPUYECKON ONTUKH.

36. Judpaxmusa. dudpaknus Openens. udpaxuus Opaynrodepa.

37. 3amazgeiBatoriue noteHmaisl. [lorennuans! Jluenapa-Buxepra.

38. CrmexTpaibHOE pa3IoKECHHE 3aI1a3 IbIBAIOIINX ITOTSHIIHAIOB.

39. @yskuus Jlarpanka ¢ TOYHOCTBIO 0 WIEHOB BTOPOTO MOPSIAKA.

40. TIlosie cucTeMBbI 3apsI0B HA JAJEKUX PACCTOSHUSIX.

41. JlunonbHOeE m3nydeHue. JIumoapHOoe N3ydeHre MPU CTOTKHOBEHHUSIX.
42. TopMO3HOE U3ITyYeHHE MAJIbIX YaCTOT.

43. Wznydenue npu KyJOHOBCKOM B3aMMOJICHCTBUH.



44, KBaapynoJIbHOE U MarHUTO-AUIIOJIBHOE U3ITyUYEHHUS.

45. Tlone uznmyuyeHus Ha OMU3KUX pacCTOsSHUsIX. M3iaydeHune ObICTPO ABUKYILIETOCS

3apsja.

46. MarHuTo-TOpMO3HOE HU3ITyUEHUE.

47. TopmoxeHue u3inydeHueM. TopMoKeHHE U3TyYeHHEM B PEIITUBUCTCKOM CIIydae.
48.  CrnektpallbHOE Pa3JIoKEHHE U3NyYCHHS B YIBTPAPEIATUBIUCTCKOM Cydae.

49. Paccesnue CBO6OI[HI>IMI/I 3apsaaaMu. PaccessHue BOJIH ¢ MajJbIMH 4YacTOTaMHU.

PaccestHue BoJIH ¢ OOIBIIMMH YaCTOTAMH.

50. QHGKTPOCTaTI/I‘IGCKOC I10JIC IIPOBOAHHUKOB. 9Hepm;1 QJICKTPOCTATHYUCCKOI'O IIOJIA

IIPOBOTHUKOB.

51. MeToapl pemeHus IESKTPOCTaTUUSCKUX 3a/1a4.

52. Cwuna, IeCTBYIONIAs HA MPOBOIHHUK.

53.  DIEKTPOCTATUYECKOE MOJIe B IUAJICKTPUKAX.

54.  JludnekTpudeckas MPOHUIIAEMOCTh. JMaIeKTpruiecKasi MpOHUIIAEMOCTh CMECH.
55.  Cuna, AeiCTBYOIIAs HA AUJICKTPUK.

56. TepmomuHaMUYeCKHE COOTHOIIEHUS VISl AUDJIEKTPUKOB B DJIEKTPHUUECKOM TOJIE.

ITonnas CB06OI[Ha$I OHCPIrug ANIJICKTPHUICCKOIO TECJIA.

S57. DNeKTPOCTPUKIUS  H3OTPOMHBIX  JTUANCKTPUKOB.  [lbe3odnekTpuku U

CETHETORJIEKTPHUKHU.

58.  II1MOTHOCTH TOKA ¥ IPOBOAUMOCTb.

59.  Dddekt Xomna.

60. KonTakTHas pa3HOCTh MOTEHITMAIOB. [ allbBAHUYECKUH DJIEMEH

61. TepmosnekTpuyeckue siBIeHus. TepMoraaTbBaHOMArHUTHBIC SIBIICHHUS.

62. ITocTossHHOE MarHUTHOE 10JIe. MarHuTHOE I0JI€ TTOCTOSHHBIX TOKOB.



63.

TCpMO,Z[I/IHaMI/I‘leCKI/Ie COOTHOIIIEHHSI B MarHuTHoM 1ione. IlomHas OHCPIrus

MarHeTHKa.

64. Dueprus cucTeMbl TOKOB.

65. CaMOMHAYKIHS TUHEHHBIX TPOBOTHUKOB.

66. Cuibl B MATHUTHOM TIOJIE.

67. T['mpomMarHUTHBIC SIBJICHUS.

68. MarautHas CHUMMETpPUS KPUCTAIITIOB.

69. ®depomarneruk BO6mau3u Touku Kropu.

70.  Antudeppomarnetuk BOIM3U Touku Kropu.

/1. MarautHble CBOMCTBA CBEPXIIPOBOJHUKOB.

72.  CBepXmpoBOASIINN TOK.

73. Kputuyeckoe mnore.

74.  TIpoMeXyTOYHOE COCTOSIHHE M €T0 CTPYKTYpa.

/5. YpaBHeHHE KBa3UCTALMOHAPHOTO MOJIS.

76. I'myOvHa MPOHMKHOBEHUS MarHUTHOTO MOJIS B TPOBOIHUK. CKUH-3(PEKT.

77. KowmmekcHoe conpoTuBieHrne. EMKOCTD B LIeNu KBa3UCTALIMOHAPHOTO TOKA.
78.  JIBmwKeHHE MPOBOAHUKA B MArHUTHOM T0Jie. Bo30ykIeHne TOKa yCKOPEHHUEM.
79. YpaBHEHHE IBWKEHUS KUIKOCTH B MATHUTHOM TIOJIE.

80. JluccumaTuBHBIE MPOIECCHI B MATHUTHOMN THIPOIMHAMHUKE.

81. VYpaBHeHUS MOJS B IUANEKTPUKAX B OTCYTCTBHE TUCTIEPCHUHU.

82. Jucnepcus TADJICKTPUYECKOU MMPOHUIIAEMOCTH. JnsnexkTpuyueckas

IIPOHHUIACMOCTS IIPH OYCHDb OOJIBIIINX YaCTOTAX.

83.

84.

Jlucniepcust MAarHUTHOW POHUIIAEMOCTH.

DHeprus NoJjisi B JUCHEPTUPYIOMINX Cpeaax.



85. AHaTuiIMuecKue CBOMCTBA (PYHKIIHH .

86. Ilnockas  MoHOXpomaTuueckas  BojHa. Teopema  Kpamepca—Kponwra.

[Ipo3paunsbie cpensl.

87. T'eomerpuyeckas onTuka. OTpakeHHE U MPEIOMIICHHE BOJIH.

88.  IloBepXHOCTHBIN UMIIEIaHC METAJIIOB.

89. PacmpoctpaneHue BOJIH B HEOJIHOPOHOM cpeze. [IpunHimn B3auMHOCTH.
90. DraexTpoMarHUTHBIE KOJeOAHUS BOJH B TOJIBIX PE30HATOPAX.

91. PacmpocTpaHeHH€ HMEKTPOMArHUTHBIX BOJH B BOJIHOBOJIAX.

92. PaccesiHu€ Y TOTJIONIEHUE IEKTPOMATHUTHBIX BOJH HA MaJIbIX YACTHUIAX.
93. Mudpaknus Ha KIWHE U TIOCKOM JKpaHe.

94. Iwmdnektpudeckasi MPOHUIIAEMOCTh KPUCTAJIOB.

95. Ilnockas BoJIHa B aHU30TPOITHOM cpejie.

96. OnTuyeckue CBOMCTBA OJHOOCHBIX KpucTaiioB. Dddext Keppa.

97.  ]JIByOoCHBIC KPHCTAILJIBI.

98. Marauroontudeckue 3PPEeKTHI.

99. IIpoctpaHCTBEHHas qUCTIEPCHSI.

100. EcrectBeHHas onmTHyeckas akTHBHOCTb.

101. TIlpocTtpaHcTBeHHast AUCHEPCHs B OTIIMYECKH HEAKTUBHBIX Cpeaax.

102. TlpocTtpancTBeHHas AUCTIEpCHs BOJW3H JIMHUN TTOTIIOIMICHHUS.

103. HenuneitHOE B3aUMOICHCTBUE BOJIH.

104. TIlpeobOpa3oBaHuE 4ACTOT B HEJIMHEMHBIX Cpeliax.

105. HenuneiiHas IpOHUIIAEMOCTb.

106. WonwuzarmoHHBIC TOTEPU OBICTPHIX YACTHUI] B BEIIECTBE.



107. Uznyuenue YepeHkosa.
108. IIpuHuMI AETATBHOTO PAaBHOBECHS MPU PACCESIHUU.

109. Paccesnue ¢ MajiblM M3MEHEHUEM 4acTOThl. PereeBckoe paccesHue B rasax u

KHUOKOCTAX.

110. Hudpakius peHTIeHOBCKUX JIydel B KpUCTalIax.

3AJIAYN:

1.1. Haiitu mpoussomnyio ckamspaoro mons U =In(xy + xz +yz) B Touke Mq(0,11)
[0 HAmpaBIEHHIO OKPYXHOCTH: X=cost , y=sint , z=1 B HampaBieHun

Bo3pacTaHus t.
1.2. HaiiTu HampaBlieHHE€ W BEJIMYHMHY HAHOOJBIIET0 W3MEHEHHUS CKAJISAPHOTO IO
U =xy? + yz° + 2x° BTouke Mg(1,2,-1)

1.3. Jloxasats, uto ecnu @ = Tjkby B Kax0i cucteme KoopAuHaT, Tae Tk — TeH3op |l

panra, a by —Bekrop, To &j — TOXe BEKTOp.
1.4. JToka3zaTe paBeHCTBO E€jk|€1mn = 9imSkn — Oinkm-

1.5. Joka3aTh paBEHCTBO
eikimelmrs A Bk Cr Ds = 2(AiDj X By Ck ) — 2(AiCj X By Dy ).

2.1. Ha miockyro NOBEPXHOCTh CTOJIA TMOJ YIJIOM ¢ TMaJaeT MapajlyIedbHbIA My4OK
COJIHEUHBIX Jiyueu. llepneHauKyasapHO CTONy TMEPEMENIAETCA CO CKOPOCTBIO  V
Kapanjaam (BAoJIb cBoel JuinHbI). KakoBa cKOopocTh TeHM Kapanjama? MoeT Jid oHa

OBITH OOJIBITIE CKOPOCTH CBETA?

2.2. Ha nokoMoTuBe moe3a COOCTBEHHOM JIMHBI |, BCHBIXMBaeT MpoxkekTop. Kto
NEPBBIM YBUIUT BCIIBIIIKY: MAacCaXUP B IMOCIEIHEM BaroHe WM HaOonaTelnb Ha
noJioTHe >xene3Hou goporu? Ckopocts moe3ga v . Ilpoxekrop 3axercs Ttorna (B

CHUCTEMeE Moe3/1a), KOor1a 00a HaOIoJaTess MOPaBHSUIUCH.



2.3. Kocmuyeckuid kopabiib JIETUT CO CKOPOCThIO V. Ha ero myTu nosiBisieTcst aCTepou /.
C xopabJis MOCKIIAIOT JIEKTPOMATrHUTHBIM CUTHAM K aCTEPOUTY B TOT MOMEHT (TI0 Yacam
KopabJisi), Korja paccTOsTHUE MEXIy HUMU paBHO | (B cucTeme oTcuera KopabJis).
CursHai oTpakaeTcsi OT aCTEpOUIa U MPUHUMAETCS JIOKATOpOM Kopabiisi. UToOBI TPUHSATH
MEpBI MPETOCTOPOKHOCTH, IKUTIAKY HEOOXOIUMO BpeMsl 7 IO KOpaOEThHBIM HYacam.

Kakum nomxHO ObITh paccTosiHue |, 4TOOBI HE MTPOU3OIIIO CTOJIKHOBEHUE?

2.4. VHBapuaHTHa JM BeIUYMHA S” =c’At’ —Ax*? (3mecb S — Tak Ha3bIBaeMbIii
MHTEPBAI MEXKIY JBYMS COOBITHSMH, pa3[CIICHHBIMH pACcCTOSHUEM AX , W

IPOMEKYTKOM BpeMeHu At.) [IpuMenuts metos npeodbpazoanuii Jlopeniia.

2.5. JIa yenoBeka YUTAIOT OJJMHAKOBBIC KHUTH C PaBHOW CKOPOCTHIO YTEHUS: OJIUH — B
2 )
noesze, JBUXKYIIEMCS CO CKOpOCThIO V (IycTh (v/c) =0,75), Opyroil — Ha IeppoHe

ctaHuuu A . YTeHWe OHM Hauyald OJHOBPEMEHHO B CHUTyalluu, KOTrJa emylui
MOPABHSJICA C TEM YEIOBEKOM, KOTOPBII CHIMUT Ha MEppoHe. YenoBEeK HA CTAaHLHMHU A
3aKOHYMJI YTEHHUE BCEW KHUTH B MOMEHT BPEMEHH, COOTBETCTBYIOIINI MPUXOAY MOE3/1a
(o pacnucaHuIO) Ha CIIEYIONIYI0 cTaHIMIO B. A denoBek B noe3ae? KakoB oTBeT, eciiu

paccyxaaTh a) B CHCTEME OTCUeTa CTaHIMu A 0) B CUCTEME OTcueTa rnoesaa?

3.1. JlokaxuTe, 4TO A PEAATHBUCTCKOM YACTHIIBI BeNMYMHA E*— p’c® sBIAETCS
WHBapUAHTHOM, T.€. UMEET OJHO M TO K€ 3HAUCHHE BO BCEX MHEPIHAIBHBIX CHCTEMaXx
OTCYeTA.

T(T +2mc?)

3.2. JIOKaXXuTe, 4TO BBIPAKEHUE PEIATHUBUCTCKOTO HMITYJbCA P = npu
c

HEOOJIBIITNX CKOPOCTAX V<C nepexoauT B  COOTBCTCTBYIOIICC  BBIPAXKCHHC

KJJACCUYECKON MEXAHUKH.

3.3. Haiitu koneunyo sHepruto ¢potona npu Komnron-agdexre. s Kakoro u3mydeHus

HanboJiee XapaKTEePHO U3MEHEHHE JITTUH BOJIH?

3.4. Kakyro MUHUMaIbHYIO (TIOPOTOBYIO) DHEPTHUIO HEOOXOIUMO COOOIIUTH MPOTOHY,
YTOOBI pu O0oMOapanpOBKe HEIOABMKHON MUILIECHU oOpazoBasach

IPOTOH-AaHTUIIPOTOHHAS TTapa. DHEPTHI0 TOKOS MPOTOHa M C° MPHHSTH M3BECTHOH M

pasHoii 0,938 I'3B.



4.1. I[OKaSaTB, qTo 3ala3abIBArOIINEC OJICKTPOMAriuTHLIC MMOTCHI M AJIBI

(- ‘r—r'| - ‘r—r'|
jlrt- plrt-——1!
c

v o, ernt=] dV  YIOBIETBOPSIOT YCIOBHIO

A(r,t) =%j

r—r r—r

. 10
Jlopenna d|vA+—a—§t0=O. [Ipeanonaraercsi, 4TO HanMCaHHbIE OOBEKTHBIE WHTErPAIIBI
c
CXOJATCA.

42. B HOKOSIHIGI\/'ICSI CHUCTEMC OTCYCTa HANOpsHKEHHOCTM E W H OJHOPOAHOIO
QJICKTPOMArduTHOI'O IIOJIA 3addHbI, IIPUYCM EH>O0 . OHpGI[CJ'II/ITB CKOpOCTH TCX
HHCPOHAJIbHBIX CUCTEM KOOPAMHAT, B KOTOPBIX BECKTOPLI 3JICKTPUYCCKOT'O 1 MAIrHUTHOT'O

MOJICH MapajieIbHBI.

4.3. OnpenenuTh PENSTUBUCTCKOE IBHKEHHUE 3apsla B IMAPAJUICIBHBIX OJHOPOIHBIX

QJICKTPUICCKOM N MAIrHUTHOM IIOJIAX.

4.4. Yactuna c 3apsaoM e M Maccoll m JBHXKETCA C IPOU3BOJBHOM CKOPOCTBIO B
OJIHOPOJHOM IIOCTOSIHHOM JJIEKTPUYECKOM Moje E . B HadambHBII MOMEHT BpPEMEHU
t=0 yacTula HaXOAUTCS B Hadaje KOOPAMHAT W MMEET MMIYJIbC p,. Onpeneauts
TpeXMEpPHbIE KOOPAMHATHI M BpeMsl t YacTHUIbI B TaOOPATOPHOI cucTeme, B QYHKIIUH €€
COOCTBEHHOTO0 BpeMeHM 7 . VICKIOUMB 7, MpPENCTaBUTh TPEXMEPHbIE KOOPAWHATHI

YacCcTHULIbl B 3aBUCUMOCTHU OT t.

4.5. PensgTuBUCTCKas 4acTUIla C 3apsiiloM € M MacCcod m JBHXKETCS B OJHOPOJHOM
MOCTOSIHHOM MAarHMTHOM mosie H . B HayanbHbII MOMEHT BpeMeHH t=0 yacTuua

HAaXOJIUTCS B TOUKE C paiuyCc BEKTOPOM r,, o0Jaaas

5.1. Haiitu 3akoH mpeoOpa3oBaHus TIIOTHOCTH SHEPTHH, TJIOTHOCTH MOTOKA YHEPTUU U

KOMITOHEHT TE€H30pa HaNpsDKEHUH pH mpeodpa3oBanuu JIopeHiia.

5.2. B UWIMHApPUYECKHX KOOPAMHATAX KOMIIOHEHThI BEKTOpa HaNpsHKEHHOCTH
MarduTHOTO IT0JISI B CBOOOIHOM MIPOCTPAHCTBE UMEIOT B4 H, =H v = 0, H,=H (r,t) , Tae
(pyHKuHﬂ H(r,t) u ee MpoM3BOHbBIC OrpaHUUYeHbI. ONpPEeACTUTh BEKTOP HAMPSKEHHOCTH

E BHUXPCBOI'0O 3JICKTPUUCCKOI'O IMOJIsI, THAYIUPOBAHHOI'O JAHHBIM MAarHUTHBIM.

5.3. BHyTpu TOHKOW HpoBOAsAIIEH 000JOYKH paauyca b HaXOAUTCS KOAKCHAIBHBINA C

HeW mpoBox paamyca a. 1o aTuM mpoBomaM TEKYT NMOCTOSIHHBIE TOKM OAMHAKOBOU



BEJIMYUHBI J B IIPOTHUBOIIOJIOKHBIX HAITPaBJICHHAX. Onpez[eJme MarHuTHOE mojie H,

co3JaBacMoO€ TaKOW CUCTEMOM BO BCEX TOUYKAX IMpOCTpaHCTBA.

5.4. HaliTu »JIeKTpOMarHUTHOE TOJieé PAaBHOMEPHO JBUIKYILIETOCS CO CKOPOCThIO V

TOYEYHOTO 3apsifia (, pelias ypaBHeHue MakcBeiia MeTo1oM ipeoopazoBanusi Oypebe.

5.5. Haiitu nnoTHOCTH TOKAa CMEUICHUS j,, B IUIOCKOM KOHJICHCATOpE, IUIACTHUHBI

KOTOpPOI'0 Pa3JBUTalOTCI CO CKOPOCTBIO U, OCTaBasCh MapauIeIbHBIMU IpPYyr APYrY,
ecnu 1) 3apsiapl Q Ha IJIACTUHAX OCTAIOTCS MOCTOSHHBIMM; 2) Pa3HOCTh MOTEHIIMAIOB
U MeXIy IUIaCTUHAMHU OCTaeTCs NOCTOSIHHOM, paccTosHhEe d MEXAYy IUIACTUHAMHU
KOHJIEHCATOpa OCTAETCsA BCE BPEMSA MaJbIM 110 CPABHEHUIO C JMHEHWHBIMHU pasMepamu
IJIACTUH; 3) KaK M3MEHUTCS pe3yJbTaT, €CIU IJIACTUHBI OyIyT COJMKATbCAd, a He

pa3IBUTaThHCA.

6.1. OnpenenuTe MarHWTHOE MOJ€ H B IUIMHAPUYECKOM ITOJIOCTH, BBIPE3aHHOM B
OECKOHEYHOM JUIMHHOM LWJIMHAPUYECKOM MpOoBOJHUKE. Pamumycel mnosoctu u
IIPOBOJHMKA COOTBETCTBEHHO PABHBI a M b, PacCTOAHUE MEXAY MX IapajllelbHBIMU

ocsimu d (b>a+d). Tok J pacmpesencH paBHOMEPHO IO CEUCHHIO.

6.2. HailTu MarHuTHBIA MOMEHT OJIHOPOJHOTO I1apa (cdepsl), BpallatouIerocs BOKPYT

OJIHOTO U3 CBOMX JIMAMETPOB C YIJIOBOM CKOPOCTBHIO W. 3apsa mapa — Q, paauyc — a.

6.3. Haiitu mone Ha ocu M B LEHTPE KPYroBOro BUTKA paguyca d C TOKOM J .
Ucnonb3yst moaydeHHbIN pe3ynbTaT, HAUTH 1) 1oJjie Ha OCH KPYTJIOro COJICHOU 1A B TOUKE,

13 KOTOPOU €ro Kpas BUAHBI IIOJ YIJIaMHA o; U a,;

2) 1oje Ha KOHIIE TOJIyOSCKOHEYHOrO COJICHOWaa; 3) IoJe BHYTPU OECKOHEUHOTO

COJICHONAA. Yucio BUTKOB Ha CAMHHUIY JIJIUHBI COJICHOMUAA — N.

6.4. Chepa paanyca R 3apspkeHa TO TOBEPXHOCTH T0 3aKOHY o =0, cosd. Haltu ¢

ITOJIA, UCITOJIB3YA PA3JIOKCHUC 110 MYJIbTUIIOJISIM B C(bepnqecm/lx KOOpAnHaTax.

6.5. Hcnons3ys TeopeMy l['aycca, HallTH Mojie PaBHOMEPHO 3apsKEHHOTO IIapuKa

paanyca a 00beMHOM TUIOTHOCTBIO p .



6.6. Haiftu moTeHIman ¢ W HAOpsDKEHHOCTh E 3IIEKTPUYECKOTO TOJS PaBHOMEPHO
3apSYKEHHOTO MPSIMOJIMHEMHOIO OTpPE3Ka JJIMHOM 2a, 3aHMMAIOIIEro 4acTh OCH z OT

—a J0 +a, 3apsag OTpE3Ka (.

7.1. Kak U3BECTHO, SJIEKTPOMArHUTHOE TI0JI€ MOYKHO TPEICTAaBUTh B BUJIC CYIIEPIIO3UIIMH

IUIOCKUX IOMEPEYHBIX TapMOHHMK. B MPOM3BONBHBI MOMEHT BPEMEHH II0JIe
+0

omnuceiBaeTcs pasioxenneM Oypee E(X,t) = IEO (k)ei(kx_wt)dk ,rae dk = dkydkydk,
—00

X2

o 2
. Haititn xoapurment @ypre Eqg(K) mpu ycmosum, uto E(x,0)=e @ | a=const .
7.2. JlaH BEKTOpHBIM  MOTEHIMAT  IJIOCKOM  MOHOXPOMATHYECKOW  BOJIHBI

—ia)(t—fj
A=Re{A.e “}, rme A,— TOCTOSHHBIA KOMILIEKCHBIA BEKTOp. I10Iyd4HThH CBA3L

MCKAY HAIIPSIKCHHOCTAMU JSJICKTPUYCCKOI'O H MArbuuTHOI'O nojaeu u BCKTOPHBIM

IMOTCHOHUAJIOM.

7.3. Beraucnuth BekTOp lloMHTMHra S WM MMIyJbC ¢ IUIOCKOM MOHOXPOMATHYECKOU

BHGKTpOMaFHHTHOﬁ BOJIHBI.

7.4. Pa3noXuTh NpOU3BOJIbHBIN YaCTUYHO MOJISIPU30BAHHBIN CBET HA «ECTECTBEHHYIO» U

«TOJIIPU30BAHHYIO» YaCTH.

7.5. JlBe mioCKHe MOHOXPOMATUYECKUE JIMHEMHO MOJISIPU30BAHHBIE BOJIHBI OJIHOU
4acTOThI PACIPOCTPAHSIOTCS BIOJb OCH  Z . [lepBas BojiHA MOJSpU30BaHAa IO X W UMEET

aMIUIMTYy & , BTOpas MOJSAPU30BaHA MO Y , MMEET aMIUIUTYAy D W omepexaer

nepByto 1o (aze y . Haittu nossipusanuio pe3ynbTUPYIOIIEH BOTHBI.

8.1. Omnpenenuth (QOKYCHOE pPACCTOSHUE IS OTOOpaKEHUS C TIOMOIIBIO JBYX
AKCUAJTbHO-CUMMETPUYHBIX ONTHYECKUX CHUCTEM C COBHAJAIOMIUMHU ONTHYECKUMU

OCsIMHU.

8.2. Onpenenuth POKYCHOE PACCTOSHUE «MATHUTHOM JIMH3BD) JIJIS 3aPSKEHHBIX YaCTHII,

IpECTAaBIISIONICH CO0O0H MPOI0ILHOE OJHOPOAHOE MAarHUTHOE TT0JIE B Y4acTKe JIUTHHBI |.



(PC‘{I) MOXKET UATHU O IIOJIC B JJIMHHOM COJICHOUAC IIpHU HpeHC6p€}KCHI/II/I HCKaXXCHUEM

OJTHOPOJAHOCTH TOJIs BOJIM3U KOHIIOB COJICHOU/IA)

8.3. Ompenenuts mudpakmuio @OpayHrodepa npu HOPMAIBHOM MAJECHUU IUIOCKOU
BOJIHBI HAa O€CKOHEUHYIO IIENb IUPUHBI 2a C MapajuieIbHbIMU KPasMH, POPE3aHHYIO B

HETIPO3pavyHOM JKpaHe.

8.4. OnpenenuTh pacnpezesieHne HHTEHCUBHOCTU MO HAIPaBJICHUAM MpU TU(pakiuu

CBETa, N1aJaloNIer0 B HOPMAJILHOM HAIIPaBJIIEHUH Ha KPYIJIOE OTBEPCTHE pajnuyca a .

8.5. PaznoxuTh moise PaBHOMCPHO U HpﬂMOHHHCﬁHO ABHIKYIHICTOCA 3apsada Ha IJNIOCKHUC

BOJIHBI.

9.1. [Tonyuuts norenuansl Jlnenapa—BuxepTa u3z o0mux Gopmyit asis 3ama3abIBaroIINX

IIOTCHOHUAJIOB.

9.2. 3apsa € IBMXKETCS C MAJIOM CKOPOCThIO V U YCKOPEHHEM W B OTPAaHUYECHHOU
obmactu. HaliTh mnpuOIMKEHHBIC BBIPAKEHUS SJIEKTPOMAarHUTHOTO Toiss E , H
YJaCTHUIIBI B TOYKAX, PACCTOSTHUE I JO KOTOPBIX OT YACTHIIBI BEIUKO IO CPABHEHHIO C
pasMepamMu  o0yiacTd  JBIDKeHUs 3apsana. OnpeneiauTh TMOJIOKEHHE TPaHUIIbI

KBa3UCTAIMOHAPHOWN 1 BOJIHOBOM 30H.

9.3. Omnpenenuth (C TOYHOCTHIO JO YJICEHOB BTOPOTO MOPSIKA) IEHTP WHEPIUU

CHCTCMBI B33HMO,Z[€I\/JICTBYIOHII/IX qaCTHuIl.

9.4. Pa3noxuTh 1mojie paBHOMEPHO M MNPSMOJMHENHO NBHXKYIIErOoCs 3apsAna Ha

IIJIOCKHEC BOJIHBI.

9.5. Hanucatpe QyHkiuio ['amMmunbTOHa BO BTOPOM MNPHUONMIKEHUM MJISI CUCTEMBI W3

ABYX YaCTHUI, UCKIIIOUMB U3 HCC NBUIKXCHUC CUCTEMBI KaK ILCJIOTO.

10.1. Tloka3aTh, 4TO TMpH B3aUMOJCUCTBUU N 3apsDKEHHBIX YaCTUIl C OJWHAKOBBIM

m; o
OTHOICHHWEM 3apsjga K Macce — B OTCYTCTBHUC BHCHIHUX IIOJICH OJJICKTPHUUYCCKOC

AUTTIOJIBbHOC U3JIYYCHHUC OTCYTCTBYCT.



10.2. OueHuTh SHEPTUIO, U3JIYYEHHYIO SJICKTPOHOM 3a BCE€ BpPEMs €ro IMpoJjeTa Ha

OopIIIEM pacCTOSIHNN o OT TAXKEIOro sAApa € 3apaaoM Ze . Cyurath €ro CKOpPOCTh v

IMPAKTHICCKHU HGHSMCHHOﬁ, U 110 BSJIMYHHE U 110 HAIIPaBJICHUIO, IPpUYeM vl C.

10.3. Uepe3 kOHAEHCATOP MPOJIETAET YACTUIIA C MACCOM m W 3apsanoM e . PaccrosHue
MeXay OOKIagKaMH KOHJEHcaTopa paBHO | , a HampPSHKEHHOCTh E 3JIEKTPUUECKOTO
1oJis B HEM OJIHOPOJIHA M TOCTOSIHHA. YTOJI MEXAY BEKTOpOM E U HalpaBiICHUEM

CKOpPOCTH v, HaCTHUIIBI IIPU BJICTC PABHAJICA < . 3HaKku 3apsga € M KOCHHYCa yIjla

OIMHAKOBBL. HanTu sHeprutro E, TEpSIEMylO0 YaCTULEH HA JUIOJBHOE HU3IIy4EHHE BO

BpCMs IIPOJICTAa YaCTUIbI HCPC3 KOHACHCATOP.

10.4. OcuunnsaTop npencTaBiasieT cOOOM YacTUIy ¢ MAaCCOM m U 3apsiioM e, KOTopas

COBEpILAET TapMOHHMYECKHE KOJEOaHHsI C YacTOTOM @, NOJ JEWCTBHEM YIPYrou
BHEIIHEN cuibl. HaumHass ¢ MoMeHTa BpeMeHH t, =0, NMOKOMBIIMKCA OCHHIJIISATOP
ITOABEPICs AECUCTBUIO BHEIIHETO JJIEKTPUYECKOrO MOJISI C HAINPSHKEHHOCThIO E=E(t),

KOTOpast OMUCHIBAETCSI HETIPEPHIBHON (DyHKIIMEH, 0Opalaomeics B Hy b 110 UCTCYCHUH
KOHEYHOTO0 MPOMEXKYTKa BpemeHHU. I[IpuHrMMas BO BHMMAaHHE TOPMO3HOE H3ITyUYCHHUE,

HalTh »dHepruro dE_ JIWIOJBHOIO M3JIYyYEHUS OCUMJUISATOPA, TPUXOASIIETO HA

MHTCPBAT OT w 10 w+ dw.

10.5. IlepneHAMKYISApHO OOHOPOJHOMY IIOCTOSHHOMY MAarHUTHOMY TMOJIO €
HaIpPSDKEHHOCTBIO H JIBMKETCS QJIEKTPOH C MAcCCOM m W 3apsaoM e. B HavanbHbIN
MOMECHT BpEeMEHHU t,=0 DHEeprus 3JeKTpoHa — E,, a €ro CKOpoCTh v, IO MOPSAIKY
BEJIMYMHBI paBHAa CKOpOCTU cBera. HaliTu 3akoH yObIBaHMSI SHEPrUM E 3JIEKTPOHA,
00yCIIOBIIEHHBIN U3mydeHueM. B noixyuennoit popmyse cienars npeneabHbIi mepexo K

MaJIol HavaJabHOW CKOPOCTH 3JICKTPOHA . << C’.

11.1. OnpenenuTs pacrpeseieHre MoTeHIana B npoBosiiei cgepe, B KOTOpyro TokK J

BXOJUT 4€PE3 OAWH ITOJIIOC U BBIXOAHUT YCPE3 HpOTHBOHOHO)KHBIﬁ.

11.2. JIBe napaienbHbI€ MJIOCKUE TUIACTUHKY (M3 OJIMHAKOBOTO METaJlia A) MOTrpy>KEeHbI
B pacTBOp ajekTposuta AX. HaliTu 3aBUCHUMOCTD IUIOTHOCTH TOKa OT MPHUJI0KEHHOU K

IUIACTUHKAaM pPpa3HOCTHU ITIOTCHIIMAJIOB.

11.3 Beipa3uTh KOMIIOHEHTBI OOPAaTHOTO TEH30pa o, Yepe3 KOMIOHEHTH Sy M a.



12.1. IlnockomapaJUleapHYIO0 IUIACTUHKY C JUAJIEKTPUYECKOW IPOHULIAEMOCTBIO &
BHECJIM B DJJIEKTPOCTATUYECKOE TMOJI€ MEePNeHAUKYISIPHO BekTOopy D . BceneactBue
NOJISIPU3allM  HAa IUIACTUHKE BO3HHKHYT TIOBEPXHOCTHBIE CBSI3aHHBIE 3apsbl,
CO3JIAI0IINE JOMOJHUTENIBbHOE noJie. ONpeneNnTh BIUSHUE MOJSIPU3alMi BEIIECTBA HA

HAIIPSAKCHHOCTD IT10JIA.

12.2. Tlamouka ®3 cerHeTodNeKTpuka MmmHbl | W maotHocTH p , oOiagarorias
OCTaTOYHOM MOJISIPU30BAHHOCTHIO P., HaNpaBJICHHOW BJOJIb OCH IMAJIOYKH, MOABEIICHA

3a CepeIMHY B TOPU30HTAIIBHOM MOJIOKEHUH HAa TOHKOW HEYNnpyroi HUTH. OnpenenuTsb
4acTOTy @ MalbIX KoJIeOaHM, KOTOpble Majodyka OyJIeT COBEpLIaTh B OJHOPOIHOM
TOPHU30HTAIBHO HANPABICHHOM JJIEKTPUYECKOM ITIOJIE C HAIPSDKEHHOCTBIO E, cuMTasd,

4TO 3TO IIOJIC HEC OKA3bIBACT BJIMAHUA HaA ITOJIAPU3ALUIO ITAJIOYKH.

12.3. beckoHe4yHas IUIaCTMHA W3 MW30TPONHOTO JUIJNEKTPUKA TIOMENIEHA B
NEPHEHANKYJSIPHOE K HEW OJHOPOAHOE BHEIIHEE IIOJIE C  3JIEKTPUUYECKON
HanpspkeHHOCThro E,. TommmuHa nmacTuHsl @, a JUAJIEKTPUYECKas MPOHULAEMOCTh

U3MEHSETCs JIMHEHHO OT & 10 &2 (BHe IuactuHbl & =1). HaliTu rpagueHT noss

BHYTPH INUIACTHHBI U IIOTOK SHCPI'MH 4CPC3 HCC.

13.1. B OeckoHEUHYIO TPOBOJSIIYIO C IPOBOJAMMOCTBIO ¢ M IPOHHUIIAEMOCTBIO &

cpeny noMmemi€H 3apsa Q,. Halitu Bpems penakcanuu, T. €. BpeMsi, B TEYEHUE KOTOPOTo

3apsiJl YMEHBIIUTCS B € pas.

13.2. HaliTu 3aK0oH NpeJIOMJICHUS JIMHUI TOKa Ha IUIOCKOW MOBEPXHOCTHU pa3jeia IBYX

Cpel ¢ MPOBOJAUMOCTSIMU O, U0, .

13.3. Yepe3 ceyeHue MeOHOM IUIACTUHKHA TOJIIMHOW d =0,2umm TPOIYCKAeTcs TOK
| =6A. [InacTuHka moMemaeTcs B OJHOPOHOE MArHUTHOE TOJIE C UHAYKUHUEN B=1Tx,
NEepHEeHIMKYJIIpHOE K peOpy MIACTUHKYU W HaIpaBiieHUI0 Toka. CuuTas KOHIICHTPAIUIO
3JICKTPOHOB MPOBOJUMOCTH PABHOW KOHIIEHTPAIMA aTOMOB, OMPEIACIIUTE B MJIACTUHKE

BO3HHUKAIOIIYIO (XOJUIOBCKYIO) Pa3HOCTh MOTEHIIMANOB. [I10THOCTS Meu o =8,932/ cv®

14.1. BplHUCINTG CaMOMHAYKLHUIO €IUHUIIBI JJIMHBI KOAKCHaJbHOTO Kaless, >Kuia
KOTOPOTO UMeeT paauyc R,, o00l04Yka — BHYTPEHHUH paauyc R, HapyxHbId R, .

MarsuTHas MNPOHHULIACMOCTE IIPOBOAOB  t4 , U30JIAOKUHU MCKAY HUMU L, .



14.2. CamouHOyKLIHs IIJIOCKOTO KOHTypa B Bo3ayxe ( u=1) paBHa L, . Haiitu

CAMOMHAYKIWIO KOHTYpa, CCJIN €TI0 IMOJOKUTh Ha INIOCKYTO I'PAHUILY ITOJYIIPOCTPAHCTBA,

3allOJIHCHHOT'O OAHOPOAHBIM MAIrHCTUKOM C MarHuTHOM IMPOHULIACMOCTBIO .

14.3. PaBHOMepHO HamMarHudeHHas cdepa (UIcaTM3UPOBAHHBIA (PEPPOMATHETHK)

BHOCHTCA BO BHCITHCC OJHOPOAHOC MAIHUTHOC IIOJIC H0 . Hauitn PE3YIILTUPYIOHICC

MarHuTHOE 1oJjie. MarHuTHasi IPOHUILIAEMOCTb CHEphl — 4, , OKPYIKAIOIICH CPEIbl — 4, .

15.1. Cucrtema COCTOUT U3 MOCTOSTHHOTO MarHuTa U JBYX IOJIOCOB, U3TOTOBJICHHBIX U3
MATKOTO Keje3a. I[IpormyckaHueM CHJIBHOTO TOKa BO BHEIIHEH OOMOTKE Opycok
HAMAarHA4MBaeTcsl 0 TOYKM P Ha KpuBOM 3aBucumoctd M ot H . Haligure
HANPSHKEHHOCTh MATHUTHOTO TI0JISL B 3a30P€ ITOCJIE BBIKJIIFOUEHUS TOKA, IIPEATIoaras, 4To
MarHuTHasi MPOHHUIIAEMOCTh MSTKOIO jKejie3a OeCKOHeuHa, W IpeHelOperass yTeuKou

MarHUTHOTO TIOTOKA Ha Kpasx 3a30pa.

15.2. PaBHOMepHO HamMarHudeHHas cdepa (MACATM3UPOBAHHBIA (PEPPOMArHETHK)

paguyca a BHOCUTCA BO BHEIIHEE OJHOPOAHOE MarHutHOoe mone H, . Hautu
pe3yJAbTUPYIOIlEE MarHuTHOE TMoJie. MarHutHas TPOHMUIIAEMOCTb cdepbl — g

OKPYXaIOUIEH CPENbl — L, .

16.1. 3anucate ypaBHEeHHs MakcBemia U MaTepuajabHbIe YPaBHEHHS, OMUCHIBAIOIINE
CTaTUYECKOE DJIEKTPOMATHUTHOE II0JI€ B CBEPXIPOBOJHUKE. BBIBECTHM YypaBHEHUS,

OIIMCBIBAOIIHC B OTOM CJIydac paClpCaCICHUC TOKA U MArHUTHOI'O I10JIA.

16.2. CBepxmpoBOoHUK UMeeT (HOpMYy KOJIbIIa TTPOU3BOJIBHOTO ceueHus. B Hem Teuer
TOK, COCPEIOTOYEHHBI B TOHKOM IOBEPXHOCTHOM cjoe. [loka3aTb, 4TO MArHUTHBIN
MIOTOK 4Yepe3 TMOBEPXHOCTb, OMUPAIONIIYIOCS Ha KOHTYp, IPOBEICHHbIH BHYTpHU
MIPOBOJAHUKA, PABEH HYJIIO, €CJIM INIOTHOCTh TOKA HA KOHTYpPE paBHA HY10. lcxoauTh U3
MaTEepUaIbHOIO YPaBHEHUS %—%E =0 u ypaBHeHu Makcgeiuia.

17.1. OmnpenenuTh COOCTBEHHBIE YACTOTHI DJJICKTPUUYECKHX KOJICOAaHUNW B JBYX

WHIYKTHUBHO CBS3aHHBIX KOHTYpax, COAECPKAIIMX CAMOMHAYKIMKA L u L,u emxkoctu C u

C,.



17.2. OnpenenuTh COOCTBEHHBIE YaCTOTHI AJIEKTPUUCCKUX KOJICOAHUN JIJIs LI U3 TPeX

napajijieIbHO COeIMHEHHBIX conpoTuBiaeHus R, emkoctu C u camounaykuuu L.
17.3. BeiBecTu 3axkoH OMa 1 1IeNU IEPEMEHHOTO TOKa.

17.4. Ouenuts riayOuHy MPOHUKHOBEHUSI SJIEKTPOMArHUTHOTO TIOJISI C YACTOTaMHU
~10°/y B cepeOpo ¢ AIEKTPUUECKON MPOBOJUMOCTBIO 6-10" Om 'm™, €CIU IPH 3TOM

nosie ocmabeBaet B 10 pas.

17.5. Metamun4eckuii map moMei€H B OJJHOPOAHOE MAarHUTHOE M0JI€, U3MEHSIOIIEECS C
4acTOTOM @ . HaWTu pe3ylnbTHUpylllee NoJe W CPEIHIOK IOTJIOMIAEMYI0 I[IapOM
MOIITHOCTh TpH OOJBIIUX YacToTaxX. Pamuyc miapa a, MarHuTHas HPOHMUIIAEMOCTH i ,
MPOBOJIUMOCTh o . YKa3anue: [Ipu onpeneneHun mosist BHE 1mapa CUMTaTh, YTO BHYTPHU
apa 1oJie paBHO HYJIO (T. €. IpeHeOpedb rITyOMHON TPOHUKHOBEHUSL & 110 CPABHEHUIO
c paauycom 1mapa a ). [Ipu onpenenennu moJis BHyTPH IIapa CUUTATH €r0 MOBEPXHOCTh

IJIOCKOIA.

18.1. Ypmapuas BomHa ¢ umciomM Maxa M pacnpocCTpaHSEeTCs B HJACAJIbHOM Trase,

MMEIOIIEM JAaBJICHWE P, U IUIOTHOCTh p,. HalWTu naBieHWe W IUIOTHOCTH rasa 3a

yAapHOU BOJIHOM, CUMTAs MOKa3aTeNlb ainadaThl raza y IMOCTOSHHBIM.

18.2. CunbHas ynapHas BoiHa ¢ uucioM Maxa M, 1 oTpaxaeTrcssi OT IUIOCKOM
a0COJIIOTHO JKECTKOM CTEHKH (CM. pUCyHOK). Onpenenuts yucio Maxa M, oTpakeHHOU

YAApHOU BOJIHBL.

19.1. JlusnekTpuuecKuii map paBHOMEPHO Bpamiaercss (B IMYyCTOTE) B OJHOPOIHOM
MOCTOSISHHOM MAarHuTHOM mosie 1 . OnpenenuTs BO3HUKAIOIIEE BOKPYr IIapa

QJICKTPHUYCCKOC I10JIC.

19.2. B 3aganHbIii MOMEHT BpeMeHH (t =0) B HEKOTOPOIi 00JIaCTH MTPOCTPAHCTBA HMEETCS
AJIEKTPOMAarHuTHOE Bo3MylleHue. He moanep:;kuBaeMoe BHEIIHUMU MCTOYHUKAMU, OHO

OyneT 3aTyxath co BpeMeHUM. HaliTu ycroBus, onpeaesstoniue 1eKpEMEHT 3aTyXaHus.

19.3. Ha rpanuiy nosymnpocTtpancTBa (X>0), 3al0IHEHHOI0 MpO3padyHon cpenoi u =0,
najjaeT B HOPMAJIBHOM HAmpaBlIeHUM TUIOCKAash SJICKTPOMArHWTHAs BOJHA C PE3KO
oOpbIBaromMMcst  niepeHUM  QpoHTOM. OmpenenuTs CTPYKTYpy (pOHTa BOJIHBI,

poLIeAIIeld BHYTPb CPEIbI.



20.1. Haiftu 3akoH mnpeoOpa3oBaHUs CKOPOCTH pPACHpPOCTpPaHEHUs CBETa B Cpelie

(rpynmnoBo¥ CKOPOCTH) MPHU MPeoOpa3oBaHUU CUCTEMBI OTCUETA.

20.2. OnpenenuTh WHTEHCHUBHOCTH TEIJIOBOTO H3Iy4eHMs (3aJaHHOM YacTOThI) OT

IIOCKOM IMOBCPXHOCTH C MaJIbIM UMIICAAHCOM.

20.3. Pe3oHarop 3amoiHEH NPO3PAYHBIM JAUAIEKTPUKOM C  JIUJIEKTPUYECKOU
MpoHUIaeMoCThio & . Omnpenenutb U3MEHEHHE COOCTBEHHOM YacTOTHl NPU MajoM

U3MEHEHUH O (r) AUAPICKTPHIECKOH IPOHUIAEMOCTH.

20.4. Ilnockas MOHOXpOMAaTHYECKas BOJHA MaJaeT HOPMAJIbHO HAa NPOPE3aHHYIO B
U/ICaJIbHO MPOBOJAIIEM IIJIOCKOM 3KpaHe IIelb IUPHUHBI 28, OOJIbIIEH 0 CPAaBHEHUIO C
JUIMHOW BOJIHBL. ONpenenuTh paclpeiesieHne MHTEHCUBHOCTH CBETa 3a IIEIbI0 Ha

OOIBIINX PaCCTOAHUAX OT HCC OJIA OOJIBIINX YIJIOB III/I(l)paKHI/II/I.

21.1. HaitTu noTeHIman 3MeKTPUIECKOro MOJIsl, CO34aBAEMOT0 HEMOABUKHBIM TOYEYHBIM

3apAaoM q B OAHOOCHOM KPHCTAJLIC.

21.2. Haiitu HampaBiieHuE HEOOBIKHOBEHHOTO JIy4ya MpPU HOPMAJILHOM I1aJICHUM CBETa Ha

IMOBCPXHOCTHb OAHOOCHOI'O KpHUCTAaJlJIa C ITPONU3BOJIBHO HaHpaBJ'IeHHOI\(JI OITUYECKOM OCBIO.

22.1. Omnpenenuth HW3MEHEHHE TOJSIPU3ALMM JJIEKTPOMATHUTHOM BOJIHBI TpU €€
PacIpOCTPAHEHUH B CPEAC, TEH30p IUIIEKTPUUECKON NPOHUIIAEMOCTH KOTOPOU MMEET

BUL &, = &(@)5,, + if(wk,,k ,THe k — BOIHOBOW BEKTOp,a c¢U f BEIICCTBEHHBL

22.2. Omnpenenutb  W3MEHEHHME  MOJSPU3ALMU  DJIEKTPOMATHUTHOW  BOJIHBI,
pacnpocTpaHsolielics B H30TPOMHOW cpene 0e3 MPOCTPAHCTBEHHOM AMCHIEPCHH,

MOMENIEHHOW BO BHEIIHEEe MarHuTHoe noie B, (3pdext Dapanes).

23.1. PaccMOTpUM My4YOK pagdyca a, HaXOIAIIMNCA B HEJIMHEHHOW HM30TPOIHOU

cpene. Paccunmrare manuHy caMO(OKYCHPOBKH, T.e. MyTh | IpA TIPOXOKICHUU

ch
KOTOPOTO B HEIWHEHHOW cpele MydoK CXOAWTCI K OCH (PacCMOTpPEeTh MEpBOE
npubIKeHne). byiem cuMTaTh aMIUIUTYAY HaNPsHKEHHOCTH DJIEKTPUUYECKOTO MO Ha

ocu E,, a aMIUINTyy HA PACCTOSIHUM & OT OCH CUMTAEM PABHOM HYIIIO.



23.2. Bonra | ¢ 3aKOHOM mucnepcHu o, =@, +ak’ pacmagaercs mo cxeme | —>1'+S
Ha Bomdy |’ Takoro »xe Tuma m BojHy ¢ 3akoHOM aucrepcuu @, =KC, . Haiitu

MHUHHUMAJIBbHYIO 4aCTOTY I/ICXOI[HOﬁ BOJIHY, IJIA KOTOpOﬁ BO3MOKET TaKOU pacia.

24.1. YepeHKOBCKOE U3JIyYCHHE 4YaCTHULBI MOYKHO paccMaTpuBaTh KakK CIIEICTBUE
pe30HaHCa MEXIY COOCTBEHHBIMH KOJIEOAQHUSIMU CpPEIbl M BBIHYXKIAIOIIEH CHIION,
CBSI3aHHOM C nBIXKymleicss vactuued. [lomyuuTs ycnoBue BO3HUKHOBEHHUs 3(dekta
BaBuiioBa — UepeHkoBa M3 CpaBHEHUS 4YacTOT COOCTBEHHBIX KOJeOaHUM cpeabl U

BBIHYKIAQIOIICH CHIIBI.

24.2. OHpGI[GJ'II/ITB CCUYCHHC PACCCAHUA do nuHElHO HOHHpHSOBaHHOﬁ BOJIHBI 3apsA10M

€ MacChl M, COBEPIIAXOINNM MaJIbIC KOJICOaHM S (TaK Ha3bIBACMbIM OCIII/IJIJIHTOpOM).

24.3. BbIACHUTH, TIPpU KaKuX YCIOBUAX AuQdepeHnnaIbHoe cedeHne paccessHus do
JUHEHHO TOJIIPU30BAHHOTO  PEHTIEHOBCKOIO M3JIYYEHUS Ha MPOTSHKEHHBIX Telax
(pa3Mepsl BEJIMKH 10 CPABHEHMIO C JJIMHOW KOTEPEHTHOCTH) MPUHUMAET BUJ CEUYECHHUS
paccestHMsI Ha CBOOOJHBIX 3apsaax. Yucio atoMoB B Tene N, 4HMCIO 2JIEKTPOHOB B

KaxIoM atome Z .

Pexomenmyemoe yueOHO-METOANYECKOE TOCOOUE:

1. Cnob6usikoB H.IO., bazyneB A.H. DnextpoamHamMuka W 3JIEKTPOJMHAMHKA

CIUTOLITHBIX cpen: YueOHo-meroandeckoe nmocoodue. — Trepn: TBI'Y, 2005. — 160 c.

2. COHEP)XAHUE U CTPYKTYPA TECTOBbBIX MATEPUAJIOB
Temarnueckas cTpykrypa

1. BekTophl U TEH30pbI

2. Cucrema ypaBHeHnd MakcBemia-JIopenna

3. IloTenimansl momus

4. DHeprus v UMITYJIbC MO



5. U3nyuyeHue u paccesiHue 3JEKTPOMAarHUTHBIX BOJIH
6. PensiTuBHCTCKAas MEXaHUKa

7. PensiTuBUCTCKAs 3IEKTPOJMHAMUKA

8. DneKTpoIMHAMUKA CIUIOLIHBIX CPE

9. Pasnoe



ConeprxaHre TECTOBBIX MaTEpUAIIOB

1. BEKTOpHBI U TEH30pPHI

1. 3a0anue OT™METHTE IPABUIILHBIN OTBET

Hupkynsuus BekTopa [&, ] 1Mo OKpy:KHOCTH

paauyca R paBna:

00

1 2nR%h

1 3nR%h

1 mR%h

2. 3a0anue OTMEThTE NPABUIILHBIA OTBET

[Torok panuyca-BekTopa T :

1 7mR%h

1 4nR?%h

1 3nR%h

[ 2nR%h

3. 3a0anue OTMETHTE NPABUIbHBINA OTBET

I'pamuent f(r), 3aBUCAIIMNA TOJIBKO OT MOJYJIS
pazunyc-BeKTOp a:

10 ] ﬂ
or

rdf g F

r dr r

4. 3a0anue OTMETHTE NPABUIBHBIA OTBET

CrektpanbHas ~ (QYHKIWH  paclpeeICHUS

Jlopeniia BbIpaxkaeTcsi OopMyYIIOii:

[JJozfxmhm; 0 JO:TMt
0 0

Y
P+ v%}

I szdt
¢,

3

5. 3a0anue OT™MeThTE IPAaBUIIbHBINA OTBET

N3nydyenune ocuustopa:

2M
323_3 0
c
J:ezooé-ro2
3c3
0 J= =— 0)2
3 m2c®

6. 3a0anue OTMETHTE NPABUIIbHBIN OTBET

Oynkuus Jlarpanxa 1ist cBOOOJHOM YaCTHIIBL:

1-p?

0 L=mc?

0 L=-— 1-p?

[ L=c*y1-p4?

0 L=mc2{-p?)

7. 3a0anue OTMETbTE NPaBUIBHBIA OTBET

8. 3aoanue OTMeTbTE MPAaBUWIBHBINA OTBET




Jins  cucreMbl  TIPOBOJHUKOB — DHEPIUs
MarHUTHOTO TIOJIS JaeTcst (hOpMyJIIoi:
1
0 W=— j BHdV 0
8

wzéjlijdv

0 W:%ZLikJiJk 0 W=zB
ik

HudpepenunansHbiM 3akoHOM Jxoyns-Jlenna
SABJIACTCS:

0 Q=o0B 1 o=41
(o2
0 Q=J°Rt 0 Q=]jH

9. 3aoanue OTMETbTE PaBUWIBHBIA OTBET

3aKOH COXpaHEHHUs 3apsijfa B HMHTErPAIBLHOM
BUJIE:

1¢.
0 IpdV=EIJdV
0 .
0 ajpo|V=§st
7 [divedV =§ pds

.+ Op
0 divoV +—=—==0
P

10. 3a0anue OT™METHTE NPABUIbHBINA OTBET

Ceuenne paccesaHus B MAKCUMYME PABHO!:

U Gz%roz
4
87 L, w
0 o=—"n° —
3 @,
87 ,w?
0 o=—I'—
3 7
87 o

2. Cucrema ypaBHeHuil Makcgemia-Jlopenna

11. 3a0anue OTMETHTE NPABUIBbHBIN OTBET

OTcyTCTBI/Ie MAariuMTHBIX 3apsAJ0B B IIPpHUPOAC
crenyer u3 GopMyIbl:

0 divH =0

0 oroE-—1H
c ot

0 divE =47p

0 rotH =4—7ZJ7+EE
c c ot

12. 3a0anue OTMETbTE PABUWIbHBINA OTBET

ypaBHeHI/IeM, CIIpaBCAJIMBBIM HE TOJIBKO IJId
CTaTUYCCKOI'o I10JIs1, HO M I 3aBHUCAIICTO OT
BPCMCHHU JJICKTPUUCCKOT'O IMOJIA ABJIACTCA:

0 roE=-1H
c ot
0 divE =47p
0 divH =0
0 rotH :4—7TJ7+EE

c c ot




13. 3a0anue OTMETHTE MPABWIBHBIN OTBET

ypaBHeHI/ICM, CIIpaBCAJIMBBIM HE TOJIBKO JIA
CTAallMOHAPHOTO IMIO0JIA, HO U IJIA 3aBUCAIICTO OT
BPEMCHHU MAarHuTHOT'O IIOJIA SABJIACTCA:

0 rotH :4—”T+18—E
c coat
0 divH =0
0 roE=—tH
c ot
0 divE =47p

15. 3a0anue OT™MeThTE MPABUIBHBIN OTBET

KOBapI/IaHTHHM YpaBHCHUEM

Makcgeina-JIopenia aBiseTcs:

0 R A A .
oK, 0OX,
mc%:lFikUk
dS ¢
2
g 2R _4r, .
OX, c
0°Fy _4m 0
oX,0X,  C OX

14. 3a0anue OTMETHTE MPABWIBHBIA OTBET

KoapuanTtasim ypaBHEHHEM

Makcaeia-JlopeHua sBisieTcs:

LR A A
oK, X,
0 aFik+aFkl+aFlk:O
oX, 0%  OX
G OF _4rdi
oX;0X,  C OX
O mc&— F.U,
dS

16. 3a0anue OT™MeTHTE PABUIBHBIA OTBET

[ToTeHIIMaNBHOCTh 3JEKTPOCTATHYECKOTO OIS
CIIEAyeT U3 ypPaBHECHHUS:

0 divH =0 0 divE = 47p
- 472-7 —
0 rotH=— 1 rotE=0
c

17. 3a0anue OT™METHTE NPABUIbHBINA OTBET

3aKkoH COXPAHCHUA DBJICKTPUUCCKOI'O 3apsaia

divj + %0 =0 MOXXHO MOJYYHUTD U3:

0 divH =0
0 divE = 4zp
0 rotH=4—”i+£a—E
C c ot
7 roE=-1H
c ot

18. 3a0anue OT™MeThTE NPABUIBHBINA OTBET

CrnektpanbHas  (QYHKIUS  pacmpeesieHHsI
Jlopenua:
0 oJ, = j J(w)dw
0
0 Jwy = A
2w (o —a))2 e
° 4
2e*7¢ 2e*% ,
il JOZE?JAG)dtD J0=—§OC{) dt

19. 3a0anue OT™MeTbTE NPABUILHBINA OTBET

3aKOH  JJEKTPOMAarHUTHOM  MHIAYKUIMH B

20. 3a0anue OTMETHTE MPABUWIbHBIN OTBET

DHeprus MarHuTHOTO TOJS TOKa dYepes




WHTETpaJIbHON (hopme:

- 10
0 §HdI=E§IEdS
10
0 §EdI:—EadeS
0 §Ed8=47szdv

0 §Hd3=o

0 W:ijBZdv
8

0 W =B

0 W=in2dv
8r

0 W:inde
8

MarHUTHBIA MOMEHT BbIpaXXacTcCs:

3. HOTGHHHEUIBI I1OJIA

21. 3a0anue OTMETHTE MPABUIBHBII OTBET
[ToTeHnManpl 3MEKTPOMArHUTHOTO MOJIS:

0 He
(U3NIECKOTO CMBICIA;

HUMCIOT HCTIOCPCACTBCHHOI'O

[] X 3Ha4YeHUs HE MOTYT OBITh U3MEPEHBI;

0 He nmomxHbpl BXOOUTH B KaKUe-IHOO
OKOHYATEJIbHBIC BEIPAKECHUS TEOPUU TTOJIS;

l SBmsroTcs BCIIOMOTI'aTCJIbHBIMHU

BCJIMYNHAMU [JIsI  YIIPOIICHHA YpPAaBHCHHA

10JI4

22. 3a0anue OTMETHTE MPABUIBHBII OTBET

Belpaxxenus, [IOKa3bIBAIOIIEE

BCKTOPHOI'O IIOTCHIIMAJIA:

0 divA+la—(p=o
c ot

=
0 divA=0
-
SRV S
C

3ara3/ibIBaHHuEC

23. 3a0anue OTMETHTE MPABUIbHBII OTBET

BI)Ipa)KeHI/Ie, ITOKAa3bIBAIOUICEC 3aI1a31bIBAHUC
CKaJIApHOTO IMOTCHIMAJIa:

0 divA+18—‘”=0
c ot

24. 3a0anue OTMETHTE MPABUIBHBII OTBET

BeIpaxxenus BEKTOPHOT'O

Jlenapna-Buxepra:

MMOTEHIaIa




25. 3adanue OT™METHTE NMPABUIILHBINA OTBET

BblpakeHuss  CKaJspHOro  IOTEHLHMaNa

Jlenapna-Buxepra:

0 Ap=0
0 ()=t
c
U Ap=—4rnp
1 0%
0 Ap—— =A4r,
YT e P

26. 3a0anue OTMETHTE NPaBUWIbHBIN OTBET
3amna3/pIBaHUE MTOTECHIMAIIOB OJIS CIIEAYeT U3:

[] [TonepeyHoro xapakrepa 3JeKTPOHHBIX BOJIH.

(] BecKOHEYHOCTH CKOPOCTH  pacHpeeleHUs
AJIEKTPOMAarHUTHBIX BOJIH.
(1 KOHEYHOCTHM CKOpPOCTH  pPaCHpOCTpPAHEHHUS

SJICKTPOMArHMTHBIX BOJIH.

ll HaHpaBHCHHOCTI/I QJICKTPOMArdMTHBIX BOJIH.

27. 3a0anue OTMETHTE MIPABUIbHBII OTBET

BekTopHBIA W CKaISIpHBIA  TTOTEHIIAAI

COCTaBJISIOT 4-X MEpPHBIN BEKTOP:

) “:[c@z"czﬁfﬂz]
0 H:[P,if}; 0 ji=(T.icp)

C

0 A =(A,i(o)

29. 3a0anue OTMETHTE MPABWIbHBIN OTBET

MHTEeHCHUBHOCTH TOPMO3HOI'O U3JIYUCHUS 3JICKTPOHA

B I10JIC HCIIOABUXXHOI'O 3apsgaiaa BbIPAXXaCTCA
bopmynoii:
2e? . xz%®
0 J ——3V2 J=—s—"
3c 3m?cVI
‘A2 2 4.2
- 2M J_EW
3c® 3c?

28. 3adanue OT™METHTE MPABUIILHBIN OTBET

TeH30p OHEPTUU U UMITYJIbCA SJICKTPOMATrHUTHOTO IOJIA JaCTCsA (bOpMYHOﬁI

O0A, OA;
0 F|k=a—k——' T =
X;  OXg
| o, s
OXy ¢C

o

4

1 1
2 (Fika/é ——0j ‘Flfn)

T

1

; :—{— ELEp —HoHy +%SGB(E2 . HZ)}

dr

4. DHeprus v UMITYJIbC MO

30. 3a0anue OTMETHTE MPABUIBbHBII OTBET

OHeprueit AIIEKTPOCTaTUYECKOTO

I0JIA

31. 3a0anue OTMETHTE MPABUIbHBII OTBET

3Hepr1/1;1 MAarouTHOroO MmoJid CTaluOHAPHOI'O




SABJIACTCA:

1

_ =+ 2 2
= (E? +H2)v

0w
0 vv—iﬁAdv
2C

0 W:inzdv
8r

0 W=%Ip¢dv

TOKa BBIpaXkaeTcst pOpMYJIOi:
0 ow=l j pdV
5 P

1

O W=—
8r

(E? +H2)v
1 b are
0 W:2—CIJAdV

0 W=%jE2dv

32. 3a0anue OTMETHTE PABUIBHBIN OTBET

3Hepr1/1;1 BSaHMOﬂCﬁCTBHH TOKOB C BHCIIHUM
IIOJIEM BBIPAKACTCA 4CPE3 MATrHUTHBIA MOMEHT
TOKOB:
1 -
0 W == ppdv 0 W =MH
2
1

_ = 2 2
= (E? +H2 )V

0 W

1 ¢--
0O W=—|jAdVv
ZCIJ

33. 3a0oanue OTMETHTE NIPABUIBHBII OTBET

II;moTHOCTE I/IMl'Iy}'Ibca B IUIOCKOH BOJIHE
BBIPAXKaeTcs:

- - 1.,
0 S=cWH. 0O W=—H".

Ar

(W S

0 §= [—jn. 0 ==
C c

34. 3aoanue OTMETHTE MPABUIBHBII OTBET

IToTOK PHEPrUHU B INTIOCKON BOJIHE BBIPAXKACTCS:

1 S=—JE,H
47r[ ]

0 g=-1[EH]
4nc

[ S =cWi

0 W:iE2
4

35. 3aoanue OTMETHTE NIPABUIBHBII OTBET

BripaxkeHue, He COOTBETCTBYIOIIEE SHEPIHU
3apsHKEHHOT0 KOHJEHCAaTopa:

0 w :lev
2

0 W=%J.p(pdv

0 W:lcv2
2
2

0 W=
2C

36. 3a0anue OTMETHTE MPABUIIbHBII OTBET

®opmyia,
JTUIIOJISI BO BHEIIHEM JJIEKTPUYECKOM T0JIE:

HC COOTBCTCTBYIOIIAsA OSHCPIruun

1 W =—elE O W:ijEzdv
8r

37. 3a0anue OTMETbTE MPABUIbHBII OTBET

CoOcTBeHHas JJIeKTpUYecKas SHEprus
IIOBEPXHOCTHO 3apsyKEHHOTO 3apsfoM e Iapa
panuyca I




0 W=-(pE) 0 W =—pEcosd

38. 3a0anue OT™MeThTE TIPaBUIBHBIN OTBET

Bpemennas  T4s  KOMIIOHEHTa  TEH30pa
1 1

T, =—| F,F +=F6, CBs3aHa c
Az 4

IJIOTHOCTBIO  DHEPTrUU  BJIECKTPOMArHUTHOTO

T10JI1 COOTHOIIICHUEM .
0 ow=1 j dv
51 PP

i(E2+H2)

0 W=
8

0 W=$jEzdv 0 W=%jAjdv

39. 3a0anue OT™METHTE NIPAaBUILHBIN OTBET

9Hepr1/1}1 MAarHuTHOro 1moJjida IOJid CHCTEMbI
IMPOBOJIHHUKOB:

0w :ijBHdv
8r
1
0 W :EZLikJiJk
ik

0 W:%jlijdv

0 W=zB

40. 3a0anue OTMETHTE IPABUIBHBII OTBET

IToTok 3HEPTUU B MIIOCKOW BOJIHE:

~ 01 e
0 5=4—M[EH]

41. 3a0anue OTMETHTE NIPABUIBHBIN OTBET

CBo0Oo1Has SHEPruUs JIEKTPOMArHUTHOTO IOJIS
€MHULIBI 00bEMa CPEJIbI:

0 W:ijEzdv
8

_ED+BH
87

0w
0 W:inzdv
87

0 W:%J'A]dv

42. 3a0anue OTMETbTE MPABUIbHBII OTBET

U3 3akona Ammepa dF = i[d_é B| crenyer:
C

! ﬁ:e-(h%[ﬁ, BD

0 F=e-E

43. 3a0anue OTMETHTE MPABUIBHBII OTBET

KomMmnnekcnas JAUDJICKTpHUYICCKAaA

IPOHHUIACMOCTh €CTh!:

0 K?=guw?/c?

. _4nc
0 g=g+l——
®




O

T

Il
oo

0 F=—egrade

R \/( .47tcsj
0 A=_[le+i— |-pn
o)

0 K2= K2(1+i4£)
I )]

44. 3a0anue OTMETHTE TIPABUIBHBINA OTBET

3nauenwue rot grad ¢ pasHo:

45. 3a0anue OT™METHTE NIPAaBUIIBHBIN OTBET

KoMmruiekcHpli  mOKa3zarenb  MPEIOMIICHMS
paBeH:
~  EUm? .4ro
0 kzzgﬂczo 0 e=¢+1—
C )
. Ao
0 N=4eu=|le+1— |u
a
)
0 K=+eu—
c

46. 3a0anue OTMETbTE MIPABUIBHBII OTBET
3aKOoH WHIYKIIMU B CIy4ae ABUKYIIUXCS CPEI:

10

0 fEdT:—Eaj§d§
- 10D
0 §Ed|:-€§

47. 3a0anue OTMETbTE MPABUIIbHBII OTBET

IIpononbubiii 3¢ ¢ext Jomnepa BblpakaeTcs

¢bopmyoit:
J- 5

0 0=wy—————

1- pcosQ




5. U3nyyeHne u paccessHue 3JIEKTPOMAarHUTHBIX BOJIH

48. 3a0anue OTMETHTE PABUIBHBIN OTBET

Beipaxenue, [IOKa3bIBAOIIEE, 4TO

QJICKTPOMArduTHasA BOJIHA SBJIACTCA ILIOCKOM

BOJIHOM:
2
SEVER Tl
c ot
L ot 1%t
ox?  ¢? ot?
O Af =0
10%f
0 Af—Eat2 =4zp

50. 3a0anue OT™METbTE IPABUIIBHBII OTBET

ITonnoe pacCeaHruC ISJICKTPOMArHUTHBLIX BOJIH

CBOOOJHBIMH  3JIGKTPOHAMH  BBIPAKACTCs
bopmynoii:
87 ,af 8
0 o=—rK—2 ; 0 o=—1r ;
3 "y 3
8r , o*
o=—I —
3 " w,
87 ’
U o=— ro2 >
3 (a)g—a)z) +7%0°

49. 3a0anue OTMETHTE IPABUIBHBIN OTBET

BLIpa)KeHI/Ie, ITOKa3bIBAOUICC, 4qTo

QJICKTpOMAruHruTHasa BOJIHA SABJIICTCA

MOHOXPOMAaTHYECKOM IIOCKON BOJTHOM:

0 Af +k*f =0
2 2
R
OX c” ot
2
SR il B
c ot
2
a:+k21“:0
OX

51. 3aoanue OTMETHTE NIPABUIBHBIN OTBET

B B0IHOBO# 30HE BBINOJIHSIETCS YCIOBUE:

0 E>[Bn] 0 E=[Bn]

0 E<[Bn] 1 E=B=const

52. 3a0anue OTMeTbTE NPABUIbHBIN OTBET

Z[I/IHOJ'IL BO BHCIIHECM II10JIC 06J1a;[aeT 3Heprﬂeﬁ:

53. 3a0anue OT™MeThTE IPABUIBHBIN OTBET

OObeMHBIH 3apsSl Ppg; BBIPAKAETCS:
U Pepss = —divP

0 f_j:pCB;B_'_p

O I_:S:pcms'l__j

54. 3aoanue OT™MeETHTE IPABUIBHBII OTBET

VpaBHeHue divE =4mp BHYTPHU
JIMDIEKTPHKA MMEET BUL:
0 divD=—4np 00 divD=4znp

55. 3aoanue OT™MeTbTE NMPABUIBHBIN OTBET

"Cnen" eAMHMYHOTO YETHIPEXMEPHOIO TEH30pa
paBeH:

0 3 0 4 o0 95




0 divD=4ndivp 0 divD=p,_,,

56. 3a0anue OTMeTHTE IPABUIBHBIN OTBET

Tenszop SHEPrUU-UMITYJIbCA

QJICKTPOMArdruT-HOI'O ITOJIA:

(] AHTUCUMMETPUYHBIH.

(1  CUMMETpUYHBIN.

[ CxaJsipHBbIil.

[] IlceBaocKalsIpHBIN.

57. 3a0anue OTMETHTE NIPABUIBHBII OTBET

9 HEprusgd MAarHuTHOI'O II0OJII TOKa  4Y€pe3

CaMOMHIYKIMHU KOHTYypa L:
0 W=£[Hdv
87

1

T

0 W

0 W= ij B2dV
87

0 W=.B

58. 3aoanue OT™MeTbTE IPABUIBHBII OTBET

59. 3a0anue OTMeETHTE NIPABUIBHBII OTBET

MarHuTHbIii AMOOAP BO BHEIIHEM TIIOJIe | DHEPrusl MarHUTHOTO TMOJs TOKa  d4epes
o0azaer sHeprueit: CaMOMHJIYKIIMIO KOHTYpa L:
0ow-=l 0 W=—B H Qe 152
=528 =—H 0OW=LfHAdV 0 W=
2 87 2¢?
1 2 =g
) 0 W=—[BdV 0 W=iB
0 W=egp [ W=-pE 8r
60. 3a0anue OTMETbTE NPABUIIbHBIN OTBET
CBsI3b 9HEPIMH U UMITYJIbCA MJIOCKOM BOJIHBI BhIpaxaeTcs: popMyIioit:
S W S = cWi c
0 qzi 0 G=—~n 0 S=cwn 0 S=-"[EH]
c? C 4

6. PenaTuBucTCKass MEXaHUKA

61. 3aoanue OT™MeEThTE MPABUIIBHBIA OTBET

HenHBapnaHTHONW BEIMYMHOW B PENSTUBHCTC-KOM

cllydae sSIBISIeTCS:
(1 OmHOBPEMEHHOCTH COOBITHIA

(1 CobcTBEeHHOE BpeMs

62. 3a0anue OTMETbTE NPABUIbHBINA OTBET

WuTepBasiom Mexay COOBITUSMU HE

SIBIISAECTCA:
[0 CaeTomnoaoOHBIN.

O MHUMBINH




[]  CKOpOoCTh CBETa B BaKyyme

(] HHTepBan MeXay COOBITUAMHU

(TIpocTpaHCTBEHHO-BPEMEHHOH)
[] BemiecTBeHHBIN (BpeMEHEOT00HBIH )

(1 OIHOBPEMEHHOCTH COOBITHIT

63. 3a0anue OTMETHTE PABUIIBHBII OTBET

Dddext [Jomnepa ciaemxyeT U3 COOTHOIICHHUS:
0 X, =a, X, 0 K, =g, K,

K ,—i
0 P=ap oKy =R

J1-p?

64. 3a0anue OTMETHTE IPABUIbHBINA OTBET

3akoH mpeoOpa3oBaHUs  YACTOTHI U
BOJIHOBOTO BEKTOpa BbIpaXKaeTcs
hopmyIoii:

0o R :aikPk' 0K :aikKI:
0X, :aikXI: 0A :aikAt;

65. 3aoanue OT™MeThTE MPABUIBHBIN OTBET

3akoH mpeoOpa3oBaHUs DSHEPTHH M HMMITyJIbCa B

PENATUBUCTCKOMN MEXaHuKe clenyer u3
COOTHOIIIEHUS:
! !
O Xi =aika O Ai =aikAk
! !
O P| =aikPk O Ki ZaikKk

66. 3a0anue OTMETbTE MPABUIIBLHBINA OTBET

CBs13b 3HEpPIrUM, UMIYJIbCa U CKOPOCTU B
PEIATUBUCTCKOM MEXAHUKE BBIPAXKACTCS

COOTHOIIICHUECM.
2 i
oE-m o pEY
J1- 2 c
S L =y

[1- B2 dt

67. 3a0anue OTMETHbTE NPABUIIbHBIN OTBET

VYpaBHEHUE ABUKEHUS YaCTULIBI B KOBapUAHTHOMU
(dhopme BrIpaxaeTcs:

dP eoA e[~ .-
[] — =-8gradp———+—NrotH
dt grade c ot cb/ ]

. 95:{E+1*ﬁj
C

du,

1_ . . dE =
dt,

—F — =¢eEV
ik Jk dt

68. 3aoanue OT™METhTE NPABUIIbHBIN OTBET

YpaBHeHHE JBUKEHHMS YacTUIIBI  BO

BHEIIIHEM T110J1e B opme Jlarpanxka:
B

O —=eE N

t

EdP e[;

EP_tfyg]

ccdt c

= —egr.ald@—%(%A + % Nrob&]

O df mv |
dt{ J1- g2

69. 3aoanue OT™MeThTE MPABUIIBLHBIA OTBET

PenstuBucrckum 00001eHueM yYpaBHEHUs

JANHaAMHUKH Hrrorona sBnsiercs:

70. 3a0anue OTMETHTE IPABUIBHBIN OTBET

ITonsaturo IIPOCTPAHCTBO HE
COOTBETCTBYET:
O [IpoTskHOCTE  MaTepHaIbHBIX

00BEKTOB




dt C
O E:imu,:FI
t, dt,
0 P =mu, O d—P:md—V
dt dt

O MmHuorooOpazue ux ¢opMm u
BHYTPEHHEN CTPYKTYPHI
O He 3aBucumocTs MarepHalbHBIX

00BEKTOB JIPYT OT Apyra

(1 BzaummHas ymaJeHHOCTh 0ObEKTOB

71. 3a0anue OT™METHTE NIPAaBUIBHBIN OTBET

CBsI3b JHEPruM, MMITYJIbCa M MAaCChl CBOOOTHOMU
YaCTHUIIBl B PEISITHBUCTCKOW MEXaHHKE BBIPAXKACTCSI
hopmyioii:

2

0 p= mv 0 E= mc
/1—,82 ’ ll—ﬂz
EV

) _ [ 2.2, 2.4
C—Z,D E= pc+m-C

72. 3a0anue OTMEThTE TPABUIIBLHBIN OTBET

I'amunpTOHA,
PEIATUBUCTCKOMY

DOyHKIUSA
COOTBETCTBY-FOIIIAsI
TIIBIKEHUIO YaCTHUIIBI B

OJICKTPOMariuTHOM IIOJIE:

0 mc? 1] E? 2 2.2
H=—=+¢¢, — =p°+mc

N-p? ¢’
0 H=.p°c®+m?*

2
0 H= mzc4+(p—EAj ¢’ +ep
C

73. 3a0anue OTMETbTE MPABUIIbHBII OTBET

PenstuBuctckum 0000IIIEHUEM YETBHIPEXMEPHOTO
VMITYJIbCA SIBJISIETCS:

S 0 P =my,
V1-p5°
0 P?=mu? 0 ﬁzg
C

74. 3a0anue OTMETHTE IPABUIBHBIN OTBET

WNuBapuanTHOM BEJIMYMHOU B

peHHTHBHCTCKOﬁ MCXAaHUKE ABJIACTCA:

0 P =my, 0 p=EL
C
0PV 0 P?=mu?

J1-p? '

75. 3a0anue OTMETHTE NIPABUIIbHBII OTBET

Ecnn nunelika nnamHoOM |0 =1m nBUXETCS BIOJb

ocu OX B mHepuuanbHOW cucteme orcyera K co
ckopocthio 0,8c ,70 miMHa nuHEWKn B cucrteme K’
paBHa:

0 0,4m.; 0 0,6Mm.

0 0,54m.; 0 0,7m.

76. 3a0anue OTMETHTE IPABUIBHBIN OTBET

Kocmuueckuii kopabib JBHKETCS MHMO
HEMNOJIBUYKHOTO HaOronaTens co
ckopocthio V=0.6C. CKoJbKO BpeMeHHU
npoiiieT 1o 4Yacam HaOJrogaTelns, eciu
[0 dYacaMm, HaxosAImuMcs B Kopalue,
npouwto 100 gacos:

0 130u; O
1504.

1254.; ; 0 200u.; [

77. 3a0anue OTMETbTE MPABUIIbHBII OTBET

C nomompio 4-X MEPHOTO HMIYJIbCa MOXKHO
MoKa3aTh, 4YTO Macca Mokos (hOTOHa paBHA:

78. 3adanue OTMeTbTE NPABUIBHBIHI
OTBET

OTHOIIEHHE MAaCChI 9JICKTpOHa K C€ro

MacCcCce IMOKOos1, SCJIN IJICKTPOH ABUKCTCA CO




H my>0D my:OD my¢0

cKkopocThio V=0,8c. paBHO:

0 1,46.0 166.0 099. [ 1,56.

79. 3a0anue OT™MeETHTE MIPABUIBHBINA OTBET

CxopocThb KOTOPOit

KHMHETHYECCKasd SHEPIrusad 4aCTULbl paBHa €€ SHEPIUU

JABUKCHUAYACTUILIBI, Ipu

IIOKOA:

0 0,9c.
0,74c.

1 0,86¢. 1 0,79c. O

80. 3adanue OT™METHTE IPABUIIBHBIN OTBET

DOyHKIUSA I'amuneToHA CcBOOOIHOM

PENASATUBUCTCKOM YaCTHUILIBI CIETYET U3:

0 PV 0 P =mu,
1- B2
2
0 e= mc 0 Piz=mu2

V-5

81. 3aoanue OTMETbTE MIPABUIIbHBIN OTBET

CobcTBeHHOE BpeMsl uepe3 BpeMsi B IIPOU3BOJILHOM
CHCTEME OTCYETa MOXKHO HAWTH U3 COOTHOLICHUS:

dS

0o dt, =
c

dS? =cdt® —dI*>. ; O

dS =cdt.

82. 3adanue OTMETHTE IPABUIBHBIN OTBET

B PENSTUBACTCKOU MEXaHUKE
VWHBAPUAHTHOM W3 HHKEIIEPEUHMCICHHBIX

BCIMYHMH ABJISACTCA:

0 p 0 pdV

83. 3aoanue OTMETbTE NIPABUIIbHBII OTBET

[IpeoOpazoBanus lamunes WHBapHUAHTHO
OTHOCHUTEIIHO YPaBHCHUS:
dt ¢ dt
0 d—P=e(|§+1 *FID SR v~
dt C dt mc

84. 3adanue OTMETHTE PABUIBHBIN OTBET

B npeoOpa3zoBanusix ["amuiest ckopocTb

pacIpoCTpaHEHUs B3aUMOJCHCTBUI:
[J KoHeuHas [J uHBapuaHTHasd

[ OeckoHeuHAas [l TmocTosHHAA

85. 3a0anue OTMeTbTE NPABUIbHBIN OTBET

Nmnynee w sHeprust yacTHIbl 00pa3yroT 4-x
MEpHBIA UMITYJIbC!
0 g=(Riep) 0 A=(Alp) O

]

0 f

_ F . OF
B PN

86. 3aoanue OT™METHTE IPABUIBHBIN OTBET

B cnyuyae ckun-addexra kodrpduiment
CaMOMHAYKIIMU TPOBOJIHUKA:

[ VYBennuuBaercH.
[0 VYMmeHnmaercs.
[J OcraeTcd HEU3MEHHBIM.

(] He yBennuuBaercs.

87. 3a0anue OTMETbTE NPABUIBHBIN OTBET

CropoHHUMU 3apsaamMu B TUDIIEKTPUKE

88. 3aoanue OT™METHTE IPABUIBHBIN OTBET

UYeTblpeXxMEPHBIN BEKTOP TOKA €CTh:




Ha3bIBAIOTCS:
[] BneceHHbIe U3BHE 3apsIbl.

(] MuaynupoBaHHBIC BHELIIHUM ITOJIEM 3apsibl.

(] 3apsiipl, uMeromue QIyKTyallMOHHBINA XapakTep.

(1 "MN3oOpaxeHus" 3aps0B B AUDIESKTPUKE.

0 j=pb 0

Ji = PoY;

0 j.— % 0 _j— O
i =Po qt Po

89. 3a0anue OT™METHTE TIPABUIBHBIN OTBET

MaKcCBeIIIIOBCKUM TEH30P HAIIPSXKCHHOCTH IT1OJIA:

1 1
0T :E(Fillzkl _Zé‘iszlm)

- _OA_OA

0 F,
0% OX,
O°Fy 4z 0
oX0X, C OX

1 1 2 2
b Taﬂ=5{—EaEﬂ—HaHﬂ+§5aﬂ(E +H )}

90. 3a0anue OTMETHTE IPABUIIBLHBIN OTBET

VYpaBaenne [amwmibroHa-fAxobu s
CBOOOJTHOM YaCTHIIBI BEIPAKACTCS:
s Y
0| =1 =m?*
OX;
s Y
0 | —| =-m%”®
OX;
2
0S
] — | =MmcC ; O
OX;
s\
=1 =0
OX,;

91. 3a0anue OTMETbTE NPABUIbHBIN OTBET

OyHKIUSA Jlarpanxa YaCTHUIIBI B

TS
3JEKTPOMArHUTHOM TOJIE:

0 L=-mc?1-p° 0 L=cif1- B
1 L=-mcif1- 2+ S AV —eg
c

2
GoL="VE G AV —ep
2 C

92. 3a0anue OTMETHTE NPABUIBHBIN OTBET

3Hauenue div rot A;

01
00
0 4
0 3

93. 3a0anue OTMETHTE MPABUIBHBIN OTBET

MaraunTtHasg BOCIIPUUMYHNBOCTE IapaMarH€THUKOB,
T.€.3aK0H Kropu:

94. 3a0anue OTMETHTE PABUIBHBIN OTBET

VpaBuenne ['amunbroHa-fAkoOu st

JaCTHUllbl B JJICKTPOMAarHUTHOM  ITOJIC

BbIPAKACTCA:




-~ NM? -
0 J=
3KkT
S\
T
l_NM2
u 3KT
1 p=-£71p
Arre

+m*c*=0

Lﬁ_sA 2

=
|

0 ﬁ—EA +m*c® =0
oX, C
s )

0 —] +m?c®=0
OX;

0

95. 3aoanue OTMETbTE MPABUIBHBII OTBET

®opmynionn  Jlopenn-JIopeHua, npUMEHUMOU

JUDJICKTPpUKaM JIF000Tr0 Ki1acca, ABIACTCA:

96. 3adanue OTMETHTE IPABUIBHBIN OTBET

K | 3HaueHue rot r paBHo:

e-1 4dr
=—N 0 3
e+2 3 p
_ 2
. 1_4zNz ﬂ+PL 1o
e+2 3M 3kT
. 8—1:47Z'NOTIB a2
e+2 3M
- F=21p o s
Are
97. 3a0anue OT™METhTE MPABUIBHBIN OTBET
VYcnosue JlopeHnia s MOTEHIIMATIOB B YETHIpEXMEPHOH (hopme:
U oA OA,  OA; : 10
[ —=0 — 2k Y 0 dIVA:——'—(p
Oy _4m; X, T oxy c ot
Xy C

7. PenaTUBHUCTCKAs IEKTPOAMHAMUKA

98. 3aoanue OTMETHTE MPABUIbHBIN OTBET

I/IHBapI/IaHT QJICKTPOMArHUTHOI'O T1OJIA:

99. 3a0anue OTMETbTE MPABUIbHBII OTBET

I/IHBapI/IaHTOM SJICKTPOMArduTHOT'O I1OJIA:




0 (EHY =inv 0 H2-E?=inv

1 E*H =inv 0 EH?=inv

1 EH =inv 0 H?’-E%=inv

1 E?H =inv 1 EH?=inv

100. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

3akoH IpeoOpa3oBaHUS IUIOTHOCTH 3apsija

CIEAYET U3:

N ji = aiij:
0h :aikjli
0 Jy=ay JI:
0 X =, X,

101. 3a0anue OTMETHTE IPABUIBHBIN OTBET

3akoH  MpeoOpa3oBaHHUS

cienyer u3 popmysbl:

INIOTHOCTH  TOKa

102. 3a0anue OTMETHTE NIPaBUIIbHBIN OTBET

[IpocTpaHcTBEHHBIE KOMITOHEHTHI 4-ex

MCPHOT'O TCH30pa OHCPIrur-uMIlyJjibCa

QJICKTPOMArduTHOI'O  I1OJIA

Im*~ik

0T :%(FHFIK +%F25 j
T

1 1
O Taﬁ=E[EQEI,+HaHﬂ—E(E2+H2)5aﬂ}
DR _OA A

0%  OX,

0 X, =a, X,

O ji =a JIZ

O P| = A Pk'

0 Ai = A11

103. 3a0anue OTMETHTE IPABUIBHBIN OTBET
Tenzop SHEPTUU - HAMITYJIbCa

QJICKTPOMAarauTHOI'O IIOJIA:

1 1., 2
0 Taﬁ:E{EaEﬂ+HaHﬂ—E(E +H )%}
DR A A

0% OX,

1 1
0 Tik:E(FilFlk_'_ZFlrié‘ikj

104. 3a0anue OTMETbTE IPABUIBHBIN OTBET

Tensop
3JIEKTPOMArHUTHOTO

T :i{FilFlk +EF25
A 4

SHEPrUU-UMITYJIbCa
o
mOik oOmnajaer

CBOMCTBOM:

0 SpT; >0

O SPTii =0

0 ST, <0

105. 3a0anue OTMETHTE PABUIBHBIN OTBET

IIpocTpaHCTBEHHO-BPEMEHHBIE ~ KOMIIOHEHTBI
1 1_,

TeH3opa T, = . F, Ry +Z FimOux | CBA3aHBI C
T

IUIOTHOCTBIO HMITYJIBCA OJJICKTPOMArHUTHOI'O
ITOJIST BBIPAXKCHUCM

4rc

W
0 g=|— |0
’ (cj
o T, =-lcg,
O g:Sq/c2

106. 3a0anue OT™METHTE IPABUILHBIN OTBET

107. 3a0anue OT™MeEThTE IPABUIIBHBII OTBET




[TnoTHOCTH TOKA W 3apsiga 00pa3yroT 4-BEKTOP

0 A=(Aig)

IIJIOTHOCTH TOKa:

O H:{P,if}; 0 ji=(].icp)

C

0o F
(c\/l—,bﬂ

. OF
e\ 1-p

I[I/IaFOHaJIBHbIe KOMITOHCHTBI TCH30pa

3J€KTPOMArHUTHOI'O MOJIS:
(1 bospliie Hys.

(] PaBHBI HYIIIO.

(] Menbuie HyJIS.

[1 Ocrarorcss HEU3MEHHBIMU.

108. 3a0anue OT™METHbTE IPABUILHBIN OTBET

3nauenue MOt T pasHo:

o 3r
10
0 2r
0 or

109. 3a0anue OT™MeETbTE IPAaBUIIBHBIN OTBET

YpaBHEHNE HENPEPHIBHOCTH B YETHIPEXMEPHOM
dhopwme:

dx;
0 i PE
0 i_o
0X;
0 Fik:aap\—k ap\_k
X;  OXg
) dx
U Ji =Po E

110. 3a0anue OTMETHTE IPABUIBHBIN OTBET

[Tone wm3nmyuyeHuss Ha OOJBLUIMX PACCTOSHUSX

JJI CKaJIApHOTO INOTCHIIMAaJla MOKHO

TTIOJIOXKUTH:

0 ozt =-n 8r[P(trr/C)}
. ¢(Z’t)_np(tcrr/0)
. (p(z,t)_np(tr r/c)
0 ezt =] IO('rrtf‘rr)/c)dv'

111. 3a0anue OT™MeThTE IPAaBUIIBLHBIN OTBET

Teopema Octporpaackoro-I'aycca:

0 §édr = J rotadS
L S

j j ivadv

S V

.~ 10 =
0 iEdI=—EaJ'HdS
0 jﬁd§=0

S

112. 3a0anue OT™METHTE IPABUIIBHBIN OTBET




JucniepcronHoON (HOpMYIION KITACCHYECKOMN DIICKTPOJUHAMUKH SIBIISICTCS:

S - et 87z , o'
=5 T2 [l o=—1I —
3 m°c 3 0 a)04
2 4 8
0 0-28_7[ fh @ 0 0=?ﬂ-r02

3 (0)02—0)2)2+a)27/2

8. BJIGKTpOI[I/IHaMI/IKa CIUTIOIIHBIX CPCH

113. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

VBileyeHne CHIOBBIX JJMHWH MarHUTHOTO ITOJIS

HBH)KymeﬁCﬂ IIa3MOM BbIPpaXXacTCA

bopMyIoii:

[ rotE = —%%+%rotb7 é]

OB

] —=rotVB
ot
o gt B
C ot
o 2
0 B_¢C AB +rotV B
ot Adrou

114. 3a0anue OT™MeTbTE IPaBUIIBHBIN OTBET

3aTyxaHHe QJICKTPOMAruuTHBIX BOJIH B IIJIa3MC
HEC IMPOUCXOOUT:

[0 Ilo HaIIpaBJICHUIO ABWKCHUS I1JIa3MBbI.

[ IlepneHAMKYISAPHO ABUKEHUIO IIIIa3MBI.

[ IlepneHAMKYJIAPHO MarHUTHOMY ITOJIIO.

[0 Ilo HaIpaBJICHUIO MAIrHUTHOTO ITOJIA.

115. 3a0anue
OTMeThTE MPaBUIIBHBIN OTBET

HpOBOI[HI/IKI/I B CBCPXITPOBOAAIIEM COCTOSIHUH
SABJIAKOTCA:

(1 TlapamarHeTHKamH.

O WneanbHBIMM ~ MAMarHeTHKaMHu, T.e.
BHYTpH HUX Beeraa B=0.

[l WpeanbHBIMH  TNPOBOJHUKAMH WU
MPOBOJHUKAMHU c OECKOHEUYHOH

MPpOBOAUMOCTBIO (G = OO) .

116. 3a0anue
OTMeThTE MPaBWIBHBIN OTBET

Ponp nuanexTpudeckoil IMPOHUIAEMOCTH € B
TEOPUH MarHUTHOT'O ITOJISI BBIMOJHSET:

o X
)7
o L
Y7,
Hop
o o#




117. 3a0anue OT™MeEThTE IPAaBUIIBHBIN OTBET

Bnusiaue ckuH-3Qdexta Ha KOIPPUIMEHT
CaMOWHAYKIIMH POBOIHHKA:

[l VYBenuueHue

[0 VYwMmeHnlieHue

[0 Het Bnuauus

118. 3a0oanue OT™MeThTE IPAaBUIILHBIN OTBET

BiusiHMIO MarHUTHOTO TOJISI HA ABMKYLIUHCS B

HEM  3aps] He COOTBETCTBYET:
(] He mpoW3BOAMT PaOOTHI HAJI 3aPSIIOM.

(] He u3MEHSET KHHETUYECKOH OSHEpruH
3apsaa

[1 He m3MeHsAeT aOCOJIIOTHOM BEIMYHMHBI €ro
CKOPOCTH.

(] He Uu3MEHSET HAINpPABICHUS CKOPOCTH
3apsija.

119. 3a0anue OTMETHTE NIPaBUIIbHBIN OTBET

VYpaBHEHUsI ~ JBHKECHUSA

B - ero-
E:eE%[VH]

MCHAKOTCA B ClIy4dac, €CJIU IMPOU3BCCTU 3aMCHY:

U t—>-t
0 E—E
0 H-oH
0 H-o-H

120. 3a0anue OTMETHTE IPABUIBHBIN OTBET

Cuna, peiictByromiass Ha  3JIEKTPUYECKHN
JUITIOJIb:
[ F=eE
0 F :IpEdV
0 F=(pV)E
. oer-
0 F =E[UH]

121. 3a0anue OT™MeEThTE IPaBUIIBHBIN OTBET

Pemenue ypaBHenus Jlamnaca B cepudeckoit
CUCTEME KOOpAMHAT, 3aBHUCSILEE JUIIb OT

OJIHOW KOOPJIMHATHI I’

122. 3a0anue OT™METHTE IPABUIBHBIN OTBET

Emkocth MUIIMHAPHUYICCKOI'0O KOHACHCATOpA:

0 oc=2 0 c=A7RR,
d R, - R,
0 C— Arel 0
In R
Ry
C=4relln R
Ry

123. 3a0anue OT™MeETHTE IPABUIILHBIN OTBET

B QJICKTPOCTATUKEC HCSapH)KCHHHﬁ IMPOBOAHUK
MOKHO pacCMAaTpUBaTh KakK TCJIO:

U C OeCKOHEYHOH AMIIEKTPUUECKOM
IIPOHULIAEMOCTBIO.
O C  HyneBoll  AMPIEKTPUUECKOUN

124. 3a0anue OT™MeEThTE IPABUIIBHBII OTBET

3HCKTpI/I‘{eCKaH BOCIIpUUMYUBOCTD 000ro

TCla:
0 x=0.
0 x>0.




MIPOHUIIAEMOCTHIO.
O C  KOHEUHOM  AMAIEKTPUUECKOM
MIPOHUIIAEMOCTHIO.
O C HEu3sMEHHOW  JIUDJICKTPUYECKOU
MIPOHUIIAEMOCTHIO.

[y =const.

0 y<0.

125. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

"Cnexn" TEeH30pa

OHEPIUH-UMITYJIbCa

QJICKTPOMArHuTHOI'O IIOJIA:

0 T; >0

0 T; <0

0 T; =const

126. 3a0anue OTMETHTE IPABUIBHBIN OTBET

[1be303/MeKTpUKH - KPHUCTAJUIbI, BHYTpEHHEE
HaNpsOKEHUE, B KOTOPBIX B AJIEKTPUYECKOM
110JI€ IPONIOPLUOHAIIBHO:

0 E 0 EY2

E3/2

0 =

127. 3a0anue OTMETHTE MIPaBUIIbHBIN OTBET

ZII/ISJ'IGKTpI/I‘-ICCKaH IMPpOHUIACMOCTDb BCIICCTBA:

0 e<l
1 e=const
0 e>1
0 €=0

128. 3a0anue OTMETHbTE IPABUIILHBIN OTBET

[ToHIEpOMOTOPHBIMU ~ HA3BIBAKOTCS  CHJIBI,
JEUCTBYIOLIME Ha!

[J JvpnekTpukn B HEOJAHOPOJHOM
3JEKTPUUYECKOM TOJIE.

O [IpoBomHMKH B HEOAHOPOJAHOM
3JEKTPUUYECKOM TIOJIE.

0 JvanekTpukn B HEOJAHOPOJHOM

MAargomMTHOM IIOJIC.

J HpOBOI[HI/IKI/I B HCOAHOPOAHOM MAriuTHOM
TI0JIC.

129. 3a0anue OT™MeThTE MPABUIBHBIN OTBET

[Ipu

CKUH-3(deKkTe

OMHYECCKOC

COIMPOTUBJICHUC ITPOBOIHUKA:

[1 OcraeTca HEU3MEHHBIM.

(] He yBennuuBaercs

[ VYBennuuBaercs.

130. 3a0anue OT™MeEThTE PABUIBHBIN OTBET

[onepeunstit 3¢pdexr lomepa BelpakaeTcs:

J1-B2

1-BcosQ

0 o=0gy1-p

0 o=0y(1-p)

] (X):COO




(1 VYwMmeusniaercs.

131. 3a0anue OT™METHTE IPABUIIBHBIN OTBET

3unayenue rot grad ¢ paBHoO:

132. 3a0anue OTMETHTE NIPABUIBHBIN OTBET

Teopemy Crokca BeipaxaeT Gpopmyiia:

0 [adS = [divadv
s \%

0 fadi=§ rotadS
L S

0 §Ed/=4n[pdVv
S

133. 3a0anue OTMETHTE NPABUIIbHBIN OTBET

DHeprust CUCTEMBbI MTPOBOIHUKOB BBIPAXKACTCS
bopmynoii:

0 W:%J.p(pdv

134. 3a0anue OTMETbTE IPABUIILHBIN OTBET

3aK0H WMHAYKIIMU B CIIy4ae JBIKYIIUXCS CPe.l
3anaercs GopMyInoii:

g §Edz=—%-§-j5ds
. §Edz:_% ‘jj_f

0 §6d§:4njpdv

0 §I§d§=0

135. 3a0anue OTMETHTE IPABUIBHBIN OTBET

YpaBHEHHE HEMTPEPHIBHOCTU B YETHIPEXMEPHOM
dhopwme:

0 ﬂ:O 0
OX
-
TP
N Fik:%_ﬁ_A a fileikjk
X, OX, C

136. 3a0anue OTMETHTE IPABUIBHBIN OTBET

VYcnosue JlopeHiia 11 MOTEHIIMAIOB B Cpefie:

0 divﬂ+1%0=0 0 divE =47p

C

0 divA+1%:O 0
c ot

diva 1 Z 0P _ g
c ot

137. 3a0anue OT™MeEThTE IPAaBUIIBLHBIN OTBET

138. 3a0oanue OT™MeThTE IPAaBUIIBHBIN OTBET




VpaBHeHHe ABWIKCHHUA 3apsaa B IMOCTOSHHOM
OAHOPOJHOM MAarHMTHOM II10JIC:

P_E 5_P:E[“]
ot o ¢
a_ﬁ_ (—l%—grad ]
ot c ot v

IlonHoe TCILIO, BBIACIIUBIICCCA B IMPOBOAHHUKE
IIpH MIPOXOXKACHUN IMOCTOAHHOI'O TOKA B LICIIN:

j2
0 sz—ﬂv

(o2
1 Q=[fEav
0 Q=J%Rt

0 Q:ijdv

139. 3a0anue OT™MeTHTE IPABUIIBHBIN OTBET

I'my6uHa ckuH-cios gaercst GopMyIioi:

S po /Zﬂpjuco
C
2
0 o= C—
2muA®w

1

2 3
N 5an = i
2mUA®

0 8=1YP

140. 3a0anue OTMETHTE IPABUIBHBIN OTBET

YPaBHeHI/Ie ABVOKCHUS 3apsajia B IMOCTOAHHOM
OAHOPOJHOM JJICKTPUYCCKOM I10JIC:

o P ek o]
oP S

. E:%[V,H]

0 QE:eE
ot

0 méV/ét=—egrade

141. 3a0anue OT™MeETHTE MPABUIIBHBIN OTBET

N3nyyenune 3apsja,
OAHOPOJHOM MArHUTHOM II0JIC, BBIPAKACTCIA

bopmynoit:

ABVXKYIICTOCS B

-
. J=2M3
3c
A g2 2
o ogo2eviH?
3 mc
2e’w?
0 J= 3
3C
2P?
] J=—3
3C

142. 3a0anue OT™MeEThTE MPABUIBHBIN OTBET

YpaBHEHHE CBA3M B OJHOPOJHOM HM30TPOIIHOMN
cpene:

0 ﬂV:aE+a%§+ZamB

[ B=rotA

0 p=pu+tp

143. 3a0anue OT™MeETHTE PABUIIBHBIN OTBET

OO6macTh MO U3TYYCHUsI HA3bIBAETCSI BOJTHOBOM 30HOM, €CITH:




O r<<A 0

1 r=0 0 r>>A

9. Pa3noe

144. 3a0anue OT™METHTE IPABUIIBHBIN OTBET

TpaekTopust 3aps>KEHHOM YaCTUIIbI, BICTEBILICH

MO/ YIJIOM B TMPOAOJbHBIE JPYr K JpYyry
AIEKTPUUYECKOE U MAarHUTHOE TOJIST:

(] mpsimasi BAOJIb Ha4aJIbHOW CKOPOCTH

[]  OKpy»>XHOCTb

[J mapaboia

[J BUHTOBAas JIUHUSA C IOCTOSHHBIM LIarOM

(1 BUHTOBAas JUHMUS C MNEPEMCHHBIM IIaromM

145. 3a0anue OTMETHTE IPABUIBHBIN OTBET

dopmyna, BeIpaskaromias 3aKOH ITOJHOTO TOKa:

0 §HAT = g,
0 §Bd7 =
0 §Bdi=1

0 §Hd =1/ g,
0 §Hdl=1/47

146. 3a0anue OTMETHTE NIPaBUIIbHBIN OTBET

Kospuurtrpnas cumna 11t peppoMarHeTuKOB:

0 UHIYKIHUS MarHuTHoro mons B
HeoOxonuMmasi ISl TOJIHOM — OpHUEHTAIlluu
JIOMEHOB

[l B, HeoOxogumas sl IEepeOopHEHTALNH
JIOMEHOB

(1 B, HeoOxoaumas JUIsl pa3MarHUYUBaHMS
(beppomarneTuka

O B , oOecrneunBaroniasi paBeHCTBO
CIIOHTAHHOT'O i WHIYIIUPOBAHHOTO
HaMarHM9IuBaHWI

147. 3a0anue OTMETHTE NIPABUIBHBIN OTBET

3aBUCHMOCTb BCKTOpPa HaMaroHmd4€HHOCTH

napamMarHeTUKOB OT MAarHUTHOTO MOMEHTa MX
MOJIEKYII:

[l nuHelHas

[J kBagpaTU4Has

(] xyOudeckas

[1 3KCIIOHEHIIHAJIbHAS

(] norapudmuueckas

148. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

3aBHCUMOCTh MArHUTHOM BOCHPUUMYHUBOCTH
[MApaMarHeTUKOB Ym OT TEMIIEPATYPHI:

0 yn~T

0 =T

149. 3a0anue OT™MeEThTE IPABUIIBHBIN OTBET

MaranTtHasg IMPOHUIACMOCTDb

(eppoMarHeTUKOB INpU YBEJIMYEHUH BEKTOpa
HMHJYKIIUA MAarHUTHOT'O IOJIS:

[J yBemnuuBaercs
[]  ymeHbIIaeTCA
[J He MeHseTcH

[J IpOXOOUT Yyepe3 MaKCUMYyM




D X~e-aT

[J MmpoXOAUT 4epe3 MUHUMYM

150. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

3aBHCUMOCTh MarHUTHOH BOCIPHHMYHBOCTH
dbeppomarHeTukoB (Yy) OT TeMmIepaTypsl B

obnactu Bbile Temneparypsl Kiopu (To):
[ xg~1/(T-To) 0 xe~T/To
0 yo~TolT 0 ya~1/(T-To)?

0 x4~(T-To)

151. 3a0anue OTMETHTE IPABUIBHBIN OTBET

I/IH,HYKI_[I/ISI MAarHuTHOro 1mnoJjii MarduTHOI'O
MOMCHTa JJIEMCHTAPHOI'0 TOKa Y6I)IBaeT C

pacCTOsTHUEM:
0 ~rt 0 ~r2 0~
0~ 0~

152. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

Ha

MOMCHTOM ﬁm B MaroHuTHOM II0JIC I/IHIIyKHI/ICfI

BHCMGHTapHBIﬁ TOK C MAarHuTHBIM

ool

JICWCTBYET BpalaOIINil MOMEHT:
1 pmB-sina
] pmB-cosa
1 pmB-l-sina
1 pmB-S-sina

0 I-B-sina

153. 3a0anue OTMETHTE NIPABUIBHBIN OTBET
SIBnenne XoJiuIa BO3HUKAET O] J€HCTBUEM:

(] momepeyHsIX APYT K APYTy 3JIEKTPUUIECKOr0
U TEIUIOBOTO (Pa3HOCTh TEMIIepaTyp) mosen

(] TPOIOJIBHBIX APYT K APYTY AIEKTPUYECKOTO
Y MarHUTHOIO MOJIeN

[J  TomepeyHBIX APYT K APYTY IEKTPUUECKOTO
Y MarHuTHOIO MOJIeH

(] TpOIOJIBHBIX APYr K APYry MarHUTHOTO H
TEIJIOBOIO IOJIEH

(] momepeyHbIX APYr K APYrY MarHUTHOIO M
TEIUIOBOTO MOJIEH

154. 3a0anue OTMETHTE IPABUIBHBIM OTBET

YacroTa 1apMOpOBOI MPELIECCUU €CTh:

0 4acToTa OpOUTAIBHOTO  JBMIKEHUS

QJICKTpOHA
[J dgacToTa KoJcOaHU HOHOB PCICTKU

U 4acTOTa JIONOJIHUTEIIBHOM  yIJIOBOU

CKOPOCTH JJICKTPOHOB BEIIECTBA B MArHUTHOM

noiie
0 4acToTa, OOYCJIOBJICHHAsT  CIHUHOM
ANEKTPOHA

[J dgacToTa KOJcOaHU 9JICKTPOHOB BCIHICCTBA
o AeMCTBUEM NMEPEMECHHOTO TTOJIA

155. 3a0anue OTMETHTE IPABUIBHBIN OTBET

<D0pMyJ1a, BbIpaxKaromiass BCJIMYUHY CUIIBI,

ldl B

,Z[eI\/’ICTBYIOH_[eI\/’I Ha OJCMCHT TOKa

MAarHUTHOM TOJI€ C MHAYKIHEe B :

(1 dF = u,ld/x B

0 dﬁ:ﬂleXB
47

0 dlfzﬂld?xg
27

0 2mu,ldé < B

0 1d¢éxB




156. 3a0anue OT™MeThTE IPAaBUIIBLHBIN OTBET

WHaykuust MarHUTHOTO TOJISE KPYTOBOT'O TOKA C
paanycoM lo B €ro LIEHTpE:

P L 1) 0 Mol
27t 2r, 7,
My Mo

4721’0 Iy

157. 3a0anue OT™MeThTE IPAaBUIILHBIN OTBET

®dopMyna, He BbIpaxawmas O00BEMHYIO
IIJIOTHOCTH 3HepFI/II/I MAromuTHOTI'O ITOJIA.
BZ

] 1 BH []

2 2 o1

H 2 1

0 BTN &

2o 2

158. 3a0anue. OT™METBTE NIPABUIILHBIN OTBET

dopmyia, HE BBIPpAXKAIOIIAs 3aKOH

QJICKTpoMar HUTHOM HHAYKIHUU:

L

&= —
. dt
.__de
. dt
0 rotE = — 28
ot
~ OE
rotB = ue—
0 H ot
(] £:§I§d§

159. 3a0anue. OTMEThTE IPABUIIBHBIA OTBET

Emxocte konzmencaropa C, oOpasyromero c
KaTYIIKON MHIYKTUBHOCTU L KomebaTenbHbIiM
KOHTYp C cOOCTBEeHHOM yacToToi fo:

1
0 C=———
27Z'f0\/t
1
0 C=
27rf02L
. 1
4r*flL
b C= 1
472'2f0L
1
0 C=—— ——
272'2f02L

160. 3a0anue. OT™METHTE NIPABUIBHBIN OTBET
Jlorapudmuueckuii AEKPEeMEHT 3aTyXaHUs:

[ norapn(bM U3MCHCHUA  aMIIJIUTYbL

KoJeOaHui 3a eIMHUILY BpEMEHU

[ norapn(bM OTHOCHUTCIBHOT'O HM3MCHCHUA
IMOKa3aTeiId 3aTyXaHuA

[ norapn(bM IMoKa3aTeCIsa 3aTyXaHus

KoJeOaHuit

(] nmorapudM OTHOCHUTEITHHOTO W3MEHEHUS
aMIUTUTY/IbI KOJIEOAHUI 32 OJTMH TTEPUO]T

161. 3a0anue. OTMETbTE MPABUIIbHBIA OTBET

[IOTHOCTD TOKA CMEMICHHS B CIIOASHOM
KOHJIGHCATOpE, K KOTOPOMY
IIepeMEHHOE IIEKTPUUECKOE IT0NIe C HHAYKIMEH
5,3-107 Kin/m? n wacroroii 6,28-10° ¢ (e A/m®

):

0 9.7 0
(1 0,27

MIPUIIOKEHO

3,3; 0 1,6; 0 0,47;

162. 3a0anue OT™METHTE IPABUIILHBIN OTBET

divD pasua:

163. 3a0anue OT™MeEThTE IPABUIIBHBIN OTBET




[ 00bEMHOMN IUIOTHOCTH CBS3aHHBIX 3apsIOB
Pcr

(] 00BEMHO TUIOTHOCTH CBOO. 3apsI0B P
L ptpes

(] TMOBEpXHOCTHOH IUIOTHOCTH CBOOOTHBIX
3apsiI0B

(] MOBEpXHOCTHOH TIUIOTHOCTH CBSI3aHHBIX
3apsiI0B

div| B
Ko

paBHa:

[] IJIOTHOCTH MOJICKYJISIPHBIX TOKOB |
[] IJIOTHOCTH TOKA IPOBOJUMOCTH |

U oJ+],

00

0=,

164. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

[Tone mumonsi, pacmosnoxeHHoro Ha ocu "y
3apsaIoM
HEKOTOPOM pacCTosHUU 1o ocu "X" OT ero

IIOJOXUTCIBbHBIM BBCPX, Ha

CepeNHbI, HAPABIEHO:
(] BBepx mo ocu "y"

() BHM3 1o ocu "y"

(] wHampaBo 1o ocu "X"
[J nHaneBo o ocu "X"

[] HaKJIOHEHO BHHU3

165. 3a0anue OTMETHTE IPABUWIbHBIN OTBET

YMeHnblIeHue
Harpy3ku R, MOAKIIIOUEHHOTrO K HUCTOYHHUKY
OJC c BHyTpeHHUM compoTHuBieHUeM [<R,

BCIINYHHBI COIIPOTUBJICHHA

IIPUBOJIUT B ITOH Harpyske K:

] YMCHBIICHUIO KOJHNYCECTBA BBIJICIICHHOM
TCIIJIOThI

[]  yBEIMYEHHUIO MOIIHOCTHU
(] YMEHBILIECHUIO MOIIHOCTH
(] HEM3MEHHOCTH MOIIHOCTHU

J YBCIMYCHUIO HAIIPSKCHU A

166. 3a0anue OTMETbTE IPABUIBHBIN OTBET
OJ1C uHAYKIMH OTIpeeNsIeTCs:

[ CKOPOCTBIO HN3MCHCHUA iomaniu,

MepeceKaeMoil MAarHUTHOM MHIYKIIMEN

[ CKOPOCTBIO M3MEHEHUS MAarHUTHOM
WHIYKIAU

0 CKOpPOCTBKO HU3MCHCHHA MArdHuTHOI'O
IOTOKa

(] MAarHWTHOM HWHIYKLUHEW, IepeceKaronien
3aMKHYTBIM KOHTYP

(] MarHUTHBIM ITOTOKOM 4Ye€pe3 3aMKHYTBIN
KOHTYD

167. 3a0anue OTMETHTE IPABUIIBHBIN OTBET

®durypa,
ocumiorpaga npu nojaye Ha BEPTUKAIBHO U
OTKJIOHSAIOIUE  IUIACTHHBI

IBYX
HaIlpsDKEHUH OJHOM M TOW JK€ 4YacTOThI, HO

YCTAHABJIMBAOIIAACA HA  3KpAHC

TOPHU30HTAJIBHO

COOTBETCTBCHHO TapMOHHUYCCKUX

oTiMyaromuecs 1o ¢ase Ha 90°:
[] HakJIOHHas MpsMas

[J cunycouma

(0 »JumhIIc BIOJIB JIF000H ocH
BBITSHYTBIA  T10

UJ omurc, BTOpOMY H

YETBEPTOMY KBaJIpaHTaM

(] 3JUIATIC, BBITSIHYTHIN 10 IEPBOMY U TPETHEMY
KBaJpaHTaM

168. 3a0anue OT™METHTE IPABUIILHBII OTBET

Ba

JIMHEHBIX TOKa, CO31aBacMbIX

169. 3a0anue OT™MeEThTE IPABUIIBHBIN OTBET

lMapmonunueckuit TOK KaTyIIK{




3JIEKTPOHHBIMU IIy4YKaMHU B BaKyyMe:
(] TpUTATUBAIOTCA

[J oTTaJIKuBarOTCs

O JNEKTPUYECKUE U MAarHUTHBIE CHIIBI
KOMIICHCUPYIOT APYT JIpyra
O B 3aBUCHUMOCTUM OT BEJIIMYMHBI TOKa

OTTAJIKMBAKOTCA UJIU IIPUTATHBAKOTCA

MHJYKTUBHOCTH, HaIpsHKCHUE KOTOPOH
MO ICPKUBACTCSA HEU3MEHHBIM, I0CJIe
MIOJKIIIOUEHUS NapajIeIbHO K HEU

KOHACHCATOpa C TaKUM K€ COIIPOTHBJICHHUEM,

4TO U COIMMPOTHUBIICHUC KATYIIKHU:
[J BO3pacraer; [J pe3ko BO3pacraer

U YMEHBIIACTCS, U pe3Ko

YMCHBIIACTCA

[J He usMeHseTcsa

170. 3aoanue OT™METHTE NMPABUILHBIN OTBET

HanpskeHHOCTh  AJIEKTPUYECKOro ToJisi BHE
METaIM4Yeckor cdepbl, B IEHTPE KOTOPOii
HAXOJUTCS 3apsHKEHHBIN 1ap, CO3/1aeTCs:

[] mosieM MOJIOKUTEIBHOIO 3apsija 1apa

(] moneM MHIYLIUPOBAaHHOI'O OTPHULIATEIILHOTO
3apsijia BHYTPEHHEH MOBEPXHOCTH ChEpHI

l I10JIEM HHAYIHUPOBAHHOI'O

ITOJOXXUTCIBHOI'O 3apsgaaa BHEIITHEH

MOBEPXHOCTHU Cepsl

(] pana HyJIO

171. 3a0anue OT™MeEThTE IPAaBUIIBLHBIN OTBET

Tpaekropus 3apsHKEHHBIX YaCTHII
KOCMHYECKOI'0 MPOCTPAHCTBA, ABUKYIIUXCA K

MOBEPXHOCTH 3€MJIM, B €€ MarHUTHOM I10JI€:
[ mpsMas JIMHUA
[J BUHTOBAaA JUHUSI

(] BHHTOBaAsI JHHUA C PACKpYyUIUBaAOIIUMCA
pamuycom

l BUHTOBAsA JIMHUA C 3aKpY4YHBAIOIMIUMCH
paanycom

172. 3a0anue OT™METhTE MPABUIIBHBIN OTBET

HanpspkeHHOCTD  AJIEKTPHYECKOTO  TOJNS B
CpeaHel yacTH 0e3rpaHuvIHOTO TIOCKOTO CIIOS
TOJIIMHON d C paBHOMEPHO paclpee/iCHHbIM

3apsA0M IIOCKOCTBIO P, paBHa.

o 2pd n P 0
&y &y

rd

2¢,

o PY 00
4,

173. 3a0anue OT™MeEThTE IPABUIIBHBIN OTBET

HanmeeHHocn, QJICKTPHUYECKOTO TII0JI1 B
LHEHTPC KBaapara,

JepCaAyrmruMuCia 10 3HaKy OJWHAKOBBIMHU

co3aaBacMas

3apsaaamMu Q, HaxXOJAIIMMHUCA B €0 BEPIIMHAX:

2 2
SR - 0 Q—Z 0
TELOL dre,a
QZ
27g,0°
2
0 —Q—2 00
2me 0

174. 3a0anue OTMETbTE IPABUIBHBIN OTBET

Tpaexktopust  37neKTpoHa, BJETAIOIIETO0 B
MPOCTPAHCTBO IIJIOCKOTO KOHJEHCATOpa IMOJ
HEKOTOPBIM YTJIOM K MJIOCKOCTH OTPULIATEIBHO

3apsKEHHOW TJTACTUHBI:

175. 3a0anue OTMETHbTE IPABUIIbHBIN OTBET
ONEeKTPOH-BOJIBT:

[J  ckopocTb, mpuoOperaemasi SJIEKTPOHOM
IIPU IPOXOXKICHUN HanpspkeHus B 1B

(1 oHeprus, mpuoOperaemasi JIEKTPOHOM B
oJIe HANPSLKEHHOCTHIO B 1 B/M




[J mpsMas JTuHUS
(] mapaboia
[]  OKpy»>XKHOCTb

[J BHUHTOBAS JUHUSI

[J  ckopocTh, mpHoOpeTaeMasi dJIEKTPOHOM B
TI0JIe HaMPsHKEHHOCTHIO B 1B/M

[ sHeprus, mpuodpeTaeMas IEKTPOHOM MPH
MPOXOKJICHUH Hanpsikenus B 1 B

(]  uMIysbC, MpHOOpETaeMblii AIIEKTPOHOM B
€IUHUYHOM I10J1€

176. 3aoanue OTMETHTE NMPABUILHBIN OTBET
DneKTpuyeckas eMKOCTb:

[ 3apsn enUHUIIEI 00beMa IPOBOJIHUKA

[J 3apsijJ eAMHUIIBI IOBEPXHOCTH MTPOBOIHUKA

[l moTeHHMan NPOBOAHMKA, HEOOXOIMMBIHA
JUIs U3MEeHeHus ero 3apsaa Ha 1 K

[ KOJIMYCCTBO 3apsaga MIpOBOAHHMKA IJId
HU3MCHCHUA €TI0 IIOTCHIIMAJIa Ha 1B

[ KOJMYECTBO 3apsia TPOBOJHHKA JUIS
W3MCHEHHUS CO3/1aBaeMOl UM HaIPSHKCHHOCTH
Ha 1 B/™m

177. 3a0anue OT™MeEThTE IPaBUIIBHBIN OTBET

HaHpﬂ)I(eHHOCTB SJICKTPHUYCCKOTO 110JI4

TOUEYHOTIO 3apsija B Bakyyme B cucreme CU:

0 &0 k0 0
r 4nr Arg,r
] 472'6'0—2; O q2
&l

178. 3a0anue OTMETHTE IPABUIIbHBIN OTBET

Hns

3apSAKCHHBIX KOHACHCATOPOB:

IOCICa0BATCIBHO COCAMHCHHBIX

[J HanpssKeHUs OOUHAKOBBI
[] 3apsaabl OMUHAKOBLI

[l eMKOCTH OJMHAKOBBI

[J 3apsansl CYMMHUPYIOTCS

(] eMKOCTH CYMMHUPYIOTCS

179. 3a0anue OTMETbTE IPABUIIBHBIN OTBET

I[J'Iﬂ napajjiCJibHO COCAMHCHHBIX 3aps’KCHHBIX
KOHACHCATOPOB:

L] 3apsasl OQUHAKOBEI

[J 3apsaasl CcyMMHUPYIOTCS

[J HanpsKeHUS CYMMHUPYHOTCS

€MKOCTEH

0 oOpaTHble  3HAYEHUS

CYMMHUPYIOTCS

180. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

TanrenmuaabHas CoCTaBJIArOIIasa
HAIIpsPKCHHOCTU ~ DJICKTPHUYCECKOI'0  TOJA Y
IMOBEPXHOCTHU 3apsSKCHHOI'O IIPOBOAHUKA
OIPCACIIACTCA:

(1  00BEMHOM MIIOTHOCTBIO 3aps0B
[] TMOBEPXHOCTHOM MJIOTHOCTHIO 3apsI0B

(] TONHBIM 3apsA0M COCPEIOTOYEHHBIM Ha
MMOBEPXHOCTH

181. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

Cuna B3aUMOJEHCTBUS MCKIY ABYMA
OINHAKOBBIMU W PAa3HOUMCHHO 3apsi’KCHHBIMH
ImapaMu IIpyu BHECCHHHU B ITPOCTPAHCTBO MCXKIY
HHMH ,Z[HSJ'ICKTpH‘-ICCKOfI naJIO4YKH:

J YMCHBIIACTCA n3-3a Haiin4gus

I[PIZ—)J'ICKTpH‘-ICCKOﬁ CpCablL
] YMCHBIIACTCA M3-3a I10JIA IMOJIAPpU3allnn

[] He MeHseTCH




[] paBHa HYIIO;

(]  TIOJHBIM 3aps0M IMPOBOJTHHUKA

(] yBenuyuBaeTcs

182. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET

DneKTpuuecKkas MOIIHOCTb MOTpeOUTeNs Mpu
YBEJIMYECHUH €T0 CONPOTUBICHUS:

(] Bo3pacrtaer; [| yMeHbIIAETCS
[J He uzMeHsercs
(] Bo3pactaeT npu R>r wu yoOwiBaet nmpu R<r

(1 Bo3pacraer npu R<r wu yOwiBaer npu R>r

(r— BHYTpEHHE CONPOTUBIICHUE UCTOUHHKA)

183. 3a0anue OTMETHTE IPABUIBHBIN OTBET
[Tepesrii 3akoH (paBmiio) Kupxroda:
[] cymMa TOKOB B IIETIM paBHA HYIIIO
[] cymMa TOKOB KOHTYypa paHa HYIIIO

[J cyMMa TOKOB BCEX BETBEHl KOHTypa paBHa
HYJIIO

[J cymMa TOKOB B y3JI€ paBHa HYJIIO

184. 3a0anue OT™METHTE NIPaBUIIbHBIN OTBET

HaHpiDKCHHOCTI) QJICKTPHUYICCKOI0 T10J14
SapH)KeHHOﬁ OECKOHEUYHOM IJ1aCTHHEI Y6BIBaeT

C YAAJICHUEM OT HEC COIJIaCHO:

0 ~rt
0~
0~
0~

[] He u3sMmeHseTcs

185. 3a0anue OTMETHTE IPABUIIBHBIN OTBET

3aBUCUMOCTb BEKTOpA MOJISIpU3ALUY OIS PHBIX

JUDBJICKTPUKOB OT MOHUIIOJIBHOTO MOMCHTA HX

MOJIEKYI:

[0 nuHelHas

[J xBaapaThu4Has

[J  kybuueckas

[1 3KCIOHEHIIHAJIbHAS

(] norapudmuueckas

186. 3a0anue. OT™METHTE PABUIILHBIA OTBET

I'my6uHa MPOHMKHOBEHUS MEPEMEHHOTO TOKA B
MIPOBOJHUK MPHU YBEIMUYEHUHN YaCTOTHI B 4 pasa:

(] yBenuuuBaercs B 4 pasza
(] ymensbaercs B 4 pasza
[J yBennuuBaercs B 2 paza

[J yMmeHbIIaercs B 2 pa3a

[J ymeHbIIaeTcs B \/E pasa

187. 3a0anue. OTMETbTE IPABUIILHBIA OTBET

FJ'IY6I/IH3 IIPOHUKHOBCHUS IICPEMCHHOT'O TOKA B
IIPOBOAHHUK OIPCACIACTCA:

(] yIenpHBIM CONPOTHBIIEHUEM Y, MAarHUTHOU
IIPOHUILIAEMOCTBIO [T 4acTOTON f,

I[PIBJ'IGKTpH‘IGCKOfI IMPOHUIACMOCTBIO €

0 oyowf AR

0 et O vue

188. 3a0anue. OT™METHTE PABUIILHBIA OTBET

JMIIOIBHBIN MOMEHT MOJIEKYJIBI,
oOpa3oBaHHbBIN 3apsgamu +(, +0, u -2q,
HaxOJSIIUMHKCS B BEPIIMHAX PABHOCTOPOHHETO
TPEYTOJIbHUKA CO CTOPOHOU a:

189. 3a0anue OTMETbTE IPABUIBHBIN OTBET

3apSI)KCHHOC TCJIO B ITIOJIC CHUJIBI TAXKCCTH, ITOIIaB
B TOPU3OHTAJIBHOC  JJICKTPUYCCKOC  IIOJIC,

MPOJOJIKAET CBOM MYTh:

(] BEPTUKAIBHO BHU3; [] TOPU3OHTAIBLHO




oo & 0
2

0 +2aq;
0 +f3aq;

ag;

0 2aq

[] 1o BBITYKIJIOH mapaboiie BHU3
(] 1o BOrHyTOM mapadoJsie BHU3

(] 10 NpsAMOY HAKJIOHHO BHU3

190. 3a0anue. OT™METHTE IPABUIBHBII OTBET

HanpskeHHOCTh  2JIEKTPUYECKOro 1oy B
LHEHTPE TOHKOM HUTH B  IPOJOJIBHOM
HalpaBJICHUU, €CIM Ha ee JuuHe [
PaBHOMEPHO pacIpeseNeH 3apsa (-
q . q . q
U > O > U >
eyl 2rel Are l
8re,l

191. 3a0anue. OTMETHTE IPABUIILHBIA OTBET

Cpennuii MOTOK BEKTOpa HAMPSHKEHHOCTH
ANEKTPUYECKOTO TOJISl Yepe3 OJHYy W3 TpaHeit
Ky0a, ecnu 3aps] (| HaXOJUTCS B OJJHOM U3 €ro

BCpHINH:
“«. 5 9. 5 a
24, 12¢, 6s,
o 4. 0o 4
3¢, &

192. 3a0anue. OTMETHTE IPABWIbHBII OTBET

HaHpH)KeHHOCTB QJICKTPHUICCKOI'O I10J14
ITOJOXXHUTCIBHOI'O TOYCYHOI'O 3apsaa Ha
IIOBCPXHOCTH OECKOHEYHO HpOBO,Z[HH.ICfI

IIJIaCTHUHBI, H&XOIIﬂHICﬁCﬂ Ha pacCTOsIHUH a OT

3apsja:
i 0 a0 g
167¢,a 8re,a 4re,a
[ Lz; 00
27e,a

193. 3a0anue. OTMETHTE IPABUIILHBIA OTBET

ITorennman 3JIEKTPUIECKOTO IOJISL
MOJIOXKUTEIPHOTO ~ TOYEYHOI'O  3apsjga  Ha
MOBEPXHOCTH  OCCKOHEYHOM  MPOBOJISIICH

IJIACTUHBI, Haxozmmeﬁcs[ Ha pacCTOsAHHU a OT

3apsza:
U 9 ; U 9 ; U _9 ;
8re,a 4re,a 27e,a
o 3 ; 00
7&,a

194. 3a0anue OTMETbTE IPABUIBLHBIM OTBET

HampsbkeHHOCT  DJIEKTPUYECKOro  I0JI,
co3zaBaeMas JIBYMs MTOJIOXKUTEIBHO
3aps’KEHHBIMU 0eCKOHEeUYHBIMU
NapajuieIbHBIMU IIJJACTUHAMU c
MTOBEPXHOCTHOM IUIOTHOCTBIO G1 H O,

COOTBETCTBCHHO, CIIpaBa OT BTOpOﬁ IJIaCTUHBI:

o,+0; . o, .
O . X O . ; O
lo,+0
2 &
0 o,—0, 0 -0, +0,
&y &y

195. 3a0anue OTMETHTE IPABUIIBHBIN OTBET

HaprI)I(eHHOCTB QJICKTPHUYICECKOTO
co3xaBacMasi TOJIOKUTCIIBHO 3apsA’KCHHBIMHA
OCCKOHEYHBIMH napajiCJIbHbIMU INIACTUHAMU C

TIOJIA,

HOBCpXHOCTHOfI IIJIOTHOCTBIO o1 n G2,

COOTBETCTBCHHO, CJIEBA OT HepBOfI IIJIaCTHUHBI:

o, +0. lo +o
2 1 . 1 2 .
] —_——= ] - U
& 2 g
0,70, .
&y
0 o . 0 _0,t0,
&y &y

196. 3a0anue OT™MeThTE IPAaBUIIBHBIN OTBET

197. 3a0oanue OT™MeThTE TIPAaBUIBHBIN OTBET




HanpspkeHHOCTh  DJIEKTPUYECKOro  MOJH,

co3gaBacMasd IMOJIOKHUTCIBHO 3aps’KCHHBIMHA
OECKOHEUYHBIMU napauiC/IbHbIMU IJIACTUHAMHU C

HOBerHOCTHOﬁ IIJIOTHOCTBIO o1 u 02,

COOTBETCTBEHHO, B IPOCTPAHCTBE MEXKIY

IIJIaCTUHaMM:

0 o,+0, . g 10‘2+0'1_ g
& 2 &, &

) R _0,+0,, .
&y &y

I[JISI YBCIUUYCHUA OAJIBHOCTU pPAAUOCBA3NU C

KOCMHUYECKUMH KOpaOlisMM B JBa pasa
TpebyeTcs YBEJIMYCHHE MOIIIHOCTH
nepeaaTynKa;

[l B1pa3 [J B2pa3a

[J B4 paza [J B8pa3

(1 B16pa3

198. 3a0anue OT™METHTE IPABUIIbHBIN OTBET

IToBepxHOCTHAs IUIOTHOCTB 3apsAJia G1 U G2 Ha
00eHX CTOpOHAaX IIOCKOH IUIACTHHBI, HECYIIeH
3apsl G, eclid Mo 00e CTOPOHBI OT Hee Ha
PacCTOSHUAX X1 ¥ X2 HAXOAATCS MapajlieNIbHbIe
ey IJIACTUHBI:

1 = ] o1=02 =0, [ o1=02
=ol/2
X

0 o,=0—2 ,0'2=O'L

X, + X, X, + X,

X

0 om0 g=0—22

X, +X, X, + X,

199. 3a0anue OTMETbTE IPABUIIBHBIN OTBET

IToBepxHOCTHAs IIIOTHOCTB 3apsAa G1 U G2 Ha
0o0enx CTOpPOHAax IUIOCKOH IUIACTUHBI, HECYIEn
3apsil G, eclid Mo 00e CTOpOHBI OT Hee Ha
pPacCTOSHUAX X1 M X2 HaXOIATCS COCIUHEHHbIE

Apyr ¢
IIJIACTUHBI:

JpyromM napajlelbHble €W JBE

[0 o1=o2=Cc

0 o©1=62=0/2
X
0 o,=0—2 ,c72=0'L
X +X X +X
X
0 o =0 a , 0,=0—2
X +X X +X

200. 3a0anue OT™MeETHTE NPABUIIBLHBIA OTBET

3aps METaUTMYecKOro IIapa BO  BHEIIHEM
OJTHOPOJTHOM 3JICKTPUYECKOM I10JIE:

(]  paBHOMEpHO pacmpeneieH 10  €ro
MOBEPXHOCTHU U MOJIOKUTENCH

(]  paBHOMEpHO pacmpeneieH I0  €ro
MOBEPXHOCTHU M OTPHUIIATEIECH

(] BCIOJY paBeH HYIIO

O nonycgepa MOBEPXHOCTHU mapa,

oOparieHHasi K IUTIOCY MCTOYHHMKA BHEIIHETO
MoJisA, TOJOXUTENbHA, a Jpyras mnoxycdepa
OTpHUIaTeNIbHA

201. 3a0anue OT™MeEThTE NPABUIBHBIA OTBET

Bpewmst cBoboaHOTO MTpoOera HOCUTENEH 3apsiaa
B KJIACCUYECKON TEOPUH METAJNIOB €CTh:

[J BpeMsa, B TeYeHHE KOTOPOTO DJIIEKTPOH

oOJtagaronuit TEIUIOBOM

NnepeMemacTCAa oT

IpOBOANMOCTH,
CKOpPOCTEBIO, OJJHOT'O

CTOJIKHOBEHUS JI0 IPYroro

(] Bpemsi CYIIECTBOBAHMS JJIEKTpPOHA B

CBOOOIHOM COCTOSIHUH

[J BpeMs, B TeYeHHE KOTOPOTO DJIIEKTPOH

OpoOBOAMMOCTH 3a CUET BHCHIHCTO IIOJIA

nepemMemacTca OT OJHOIr0 CTOJKHOBCHHA 0




O nonycgepa MIOBEPXHOCTHU mapa, | Jpyroro

06paH_ICHHa$I K IUIIOCY HUCTOYHHUKA BHCIIHCTO

(] Bpems, B TEUYEHHUE KOTOPOTO CBOOOIHBIH
MoJisi, OTpULAaTeNbHA, a Jpyras mnoxychepa PEMA, P a

MEKTPOH  JUPPYHAUPYET  OT  OAHOTO
3IIEKTPOJIa IO APYTOro

ITOJIOXKHUTCIIbHA

202. 3a0anue OTMETHTE IPABUIIBLHBIA OTBET

W3menenne (asbl @ TapMOHMYECKOTO TOKa Yyd4acTKa LEMH, COJEPXKAllero KaTyIIKY
UHJYKTUBHOCTH C COIIPOTUBIIEHUEM Z|, TIOCIIE MOAKIOYEHUS [10CIIEJ0BATEIbHO K HEH EMKOCTH C

COIIPOTHBIIEHUEM |ZC| = %|ZL| :

l YBCIUMUYCHHUEC OTCTaBaHHUA l YMCHBIICHUE OTCTaBaHUA

[ omepexeHHe 0 Ap=0

203. 3a0anue OT™MeThTE NPABUIBHBIA OTBET

[Torennman B TOM ke TOYKE 1, €ClIM Ha PAcCCTOSHUM @ OT 3apsiia MOMECTHTh OCCKOHEYHYIO
IIPOBOAMMYIO IIJIOCKOCTH (pHC.):

a X
=3

=
5
N |
5




