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I. AuHOTAMSA

1. Iean u 3272491 JUCHUILIMHBI

[enpt0o Kypca «DJIeKTPOAMHAMHUKA» SIBIICTCS HM3yYEHHE H  OCBOEHUE
CTYJICHTaMH OCHOBHBIX TEOPETHYECKHX METOJOB ONMUCAaHUS W  HUCCIECIOBAHMS
ANIEKTPOMATHUTHBIX SIBJIEHUN U MPUOOPETEHHE HABBIKOB CAMOCTOSITENbHON OCTAHOBKHU
M pemeHus 3a4ad  KIACCUYECKOM  JJIEKTPOAMHAMMKHU. JlaHHasg  JIUCHMIUIMHA
IOpPEICTaBIsIeT COOOW OOUH W3 BaXHEHIINX pa3AesioB NPo(ecCHOHAIBHOTO LHKIIA
«Teopernueckas Qusuka». 3HaHHE €€ HEOOXOAMMO JJISl CIIEUAINCTa, pabOTAOIIEro B
oOnactu (pU3MKHU. DIEKTPOJAUHAMUKE MPUHAJIEKUT OJHO U3 BAKHEUIIMX MECT B pAAY
APYTUX pa3fesioB (PU3MKU HE TOJBKO H3-3a €€ BEChbMa 3HAYUTENIBHOTO IMPHUKIATIHOTO
3HAYEHHUs, HO W OJarojaps €e HUCKIIOYHUTENIbHOM POJIM B MO3HAHUM HPHUPOJBI, B TOM
quciie B (OpMUPOBAaHUM KBAHTOBOW TEOPUU M TEOPUM OTHOCUTEIBHOCTH. B cBs3u ¢
3TUM TMEpBOM 3amayedl Kypca «DIEKTPOJUHAMHKA» SABIAETCS (OPMHPOBAHUE Y
CTYJICHTOB ~ €IUHOW, JIOTMYECKH HENpPOTUBOPEUMBOW  (PU3NYECKONM  KApPTHUHBI,
CBS3BIBAIOIIEH BCE M3y4yaeMble SIBJICHUSA, TEOPUM U MoZenu ux onucanud. [Ipu stom
pemaercss 3agadya  (OPMUPOBAHMS HAYYHOTO MHMPOBO33PEHHS M COBPEMEHHOTO
¢usnueckoro mblinuieHus. M3ydeHune kypca JOMKHO MPOUCXOAUTH MOCIIEI0BATENBHO,
HE OTPAHUYMBASCH TOJBKO MOHATUWHBIM aIlllapaToOM, CO CTPOIMM MAaTEMATHYECKUM W
JIOTUYECKUM OOOCHOBAaHUEM BCEX IMOJYYAEMbIX PE3YyJIbTATOB B PaMKax HCIOJIb3yEMBbIX
TEOpPETUYECKUX Mozener. B pesynbrate u3ydeHus Kypca CTYIEHTBI JOJDKHBI YCBOUTH
byHaamMeHTaNbHYI0 0a3y TEOPETHYECKUX 3HAHUM MO 3JIEKTPOJMHAMHUKE, a TaKXKe
[IOJIyYUTh CHCTEMY IIPAKTUYECKUX HABBIKOB WCIIOJIB30BaHUSA OTUX 3HAHUM JUIA
MOCTAaHOBKM MAaTeMaTUYEeCKOM 3ajjaud ONUCaHMs JI000ro SBJIEHUS WM Ipolecca,
CBSI3aHHOTO C 3aKOHAMHU JJIEKTPOMArHeTW3Ma, M IOCIEAOBATEIBHOIO PEUIEHUs JTOU
3a/1a4H.

[Iporpamma Kypca CTPOHUTCSI Ha OCHOBE C YTBEPKICHHBIMM CTAHIAPTAMH Ha
IUCHUIUIMHBL  «DJIEKTPOJUHAMUKA» H  «ODJIEKTPOAVMHAMUKA CIUIOIIHBIX  CPEI».
OObenuHeHHEe B OJHOM Kypce O3TUX JUCHHUIUIMH  OOECHeurMBaeT  €AUHYIO
METO/OJOTUYECKYI0O OCHOBY [IJisi MX YIUIYOJIEHHOIO U3Y4YeHUS WU I IIHPOKOTO

HUCIIOJB30BaHUs B IMOCICAYIOUINX 0a30BbBIX y‘-Ie6HBIX KypcCax, a TaKiKC B CIICHUAJIbHBIX



Kypcax, u3ydyaeMbiXx Ha (pu3uko-TexHuueckom (akynbrere. Kpome Toro, 3To mo3pojsier
n30exaTh M3IUIIHEr0 AyOJMpPOBAaHUS B YCIOBUSX oOMIero AeduuuTa ayauTOPHBIX
y4ueOHbIX 4acoB. Kypc conmepxkut 26 pa3liesioB, B TOM UYKCJI€ OCHOBHBIC ypaBHEHUS
ANEKTPOJUHAMUKN U TEOPUU HJIEKTPOMArHETU3MA, DJIEKTPOMATHUTHBIC TMOJISI U BOJIHBI
3aIaHHBIX MCTOYHHMKOB, 3JICKTPOMATHUTHBIC TOJISI U BOJIHBI 33JJaHHBIX HCTOYHUKOB,
B3aMMOJICHCTBUE  DJIEKTPOMArHUTHOTO  MOJIE €  3apsgaMH,  PEJSITUBUCTCKAs

QJICKTpOAHAMMUKa.

3amayamu Kypca siBJISIIOTCH:
- H3y4YeHUeE IpUHIUIIA PENATUBUCTCKON WHBAPUAHTHOCTH 3aKOHOB
ANEKTPOJUHAMUKY;
- [PUHUUIA CYNEPIO3NULIAHN TOJIEH;
- [pPUHUUIA KaTMOPOBOYHOW MHBAPUAHTHOCTH;
- MPWIOKEHUH METOJOB MAaTEMAaTHUYECKOW (DPM3UKHU JIJISl pEUIEHUS OCHOBHBIX 3aJ]1ay
ANEKTPOINHAMHUKHU:
a) IBIDKEHHE TOYEUHBIX 3apsi/IOB B 3JIEKTPOMArHUTHOM TOJIE;
0) onucaHue NoJiei cO3/1aBaeMbIX CUCTEMAaMHU 3apsI0B;
B) pacIpOCTPAHEHHE JIEKTPOMArHUTHBIX MOJIEH B BaKyyMe U BEIIECTBE.
Meronuka mpenoaaBaHusl Kypca HAECOJOTHYECKH COOTBETCTBYET COAEPKAHHUIO
kypca Teoperudeckoi ¢uzuku JI.J[.Jlangay u E.M. Jludmmuia u nekiuit o ¢pusnuxe
P.®eiinmana, KOTOpbIE MPEACTABIAKOT NPU3HAHHBIE CTAHAAPTHI IMPENOJABAHUS

TEOPETHUECKOU (PU3UKH.

2. Mecro nucuuniannsl B cTpykrype OOII

JucuunnuHa «DIeKTpoJuHaAMKKay u3ydaerca B Moayise Teoperuueckas ¢puznka
bnoka 1. lucuuminnsl 06s3aTenbHOM yacTu yueOHoro miana OOIL.

ConepkaTenbHO OHAa CBA3aHA C JAUCHUIUIMHAMU «TeopeTmyeckass MEXaHHUKa» U
«KBanToBast Teopus», «IKCIEpUMEHTAIbHbIE U TEOPETHYECKHE METOAbl B (hU3HKE
KOHJICHCUPOBAaHHOTO  COCTOSIHMS»,  y4eOHOH, MpOM3BOACTBEHHOM H  HAy4YHO-

MCCJIEIOBATENIbCKOM  TPAKTUK, B TPOIECCe KOTOPHIX (HOPMUPYIOTCS  HABBIKH



MmpenoaaBaHusl, Hay‘IHO-I/ICCHCI[OBaTCJIBCKOﬁ u HH}KCHCpHOﬁ JACATCIBHOCTH. VYueOnas

AUCHUILIMHA HEIMOCPCACTBCHHO CBsA3aHa C AWCHUIIIIMHAMH «KBaHTOBas MCXaHHKa»,

«MaremaTuueckuii aHaiau3», «AHAJIWTHYECKass TEOMETpUs U JIMHEWHas anredpay,

«BeKTopHBIi ¥ TEH30pHBIN aHaIu3y», « Teopust GyHKIMI KOMIIIIEKCHOTO MTEPEMEHHOTOY,

«MeToapl MaTeMaTHIECKOU (PU3UKI.

3. O0beM AUCHMILIMHBI: [ 3a4ETHBIX €IUHMII, 252 akajgeMuYecKux 4yaca, B TOM

qucJje.

KOHTAKTHAasl ayquTOpHAasi padora: yekiuu 62 yaca, mpakTUYECKHUE 3aHATUS 62

yaca,

camocTosiTe;IbHas padora: 128 yacoB, B TOM 4nciie KOHTPOJb 27 9acoB.

4. HﬂaanyeMble PE3YJIbTATHI oﬁyqemm o JUCHUIIJIMHE, COOTHECCHHBIC C

INIAHUPYEMBIMHU peE3yJbTaTaMUd 0CBOCHUS Oﬁpa3OBaTeJII)HOI71 nporpaMmmabl

[Tnanupyemble pe3ynbTaThl OCBOCHUS
00pa30BaTeNnbHOM MPOTrPaMMBbI

(popmupyemMbie KOMIICTCHITHH )

HJIaHI/IpyeMLIC PE3YJIbTAThI O6y‘{eHI/I${ 110 JUCHUIITIMHEC

YK-1. CnocobeH OCylecTBIATh IOUCK,
KPUTHUYCCKUH aHAJIN3 ¥ CUHTE3 WH()OPMAIIHH,
MPUMEHSITh CUCTEMHBIN MOAXO0 I PeIIeHuUs
IIOCTAaBJIEHHBIX 3a/1a4.

YK-1.1. Ananuzupyet 3amady, BbIICIsS ee 0a30BbIe
COCTAaBIISIOIIHNE;

YK-1.2. OnpenensieT, UHTEPIPETUPYET U PAHKUPYET
uHpopmaruro, TpedyeMyto TUTSt perieHus
MOCTaBJICHHOM 3aa4H,

VYK-1.5. PaccmarpuBaeT u TpeiaracT BO3MOXKHBIE
BapHaHTHI PENICHMSI IOCTABJICHHON 3a/7a4uu, OIEHUBAs
HUX JTOCTOMHCTBA U HEJOCTATKH.

OIIK-1. CrnocobeH mnpuMeHATh 0a30BbIE
3HaHUA B 00ylacTu (PU3MKO-MaTEeMaTHUYECKHUX
U (WM) eCTeCTBEHHBIX HAayK B cepe cBoei
po¢eCCHOHAIBHON JEATETFHOCTH.

OIIK-1.1. Anamusupyer ¢Qusnueckue OOBEKTHI U
nporecchl ¢ TpUMEHeHHeM 0a30BBIX 3HAHWH B
o0acTi pU3MKO-MaTEMaTHUYECKUX HayK;

OIIK-1.2. Tlpumensier 3HaHus B oOnactu (pu3HKO-
MaTeMaTHYeCKUX HAyK MpPH PEIIeHUH MPaKTHYECKUX
3aza4 B chepe npodeccroHaTbHON AesITETbHOCTH.

OIIK-2. CnocoOeH TpPOBOIUTH HAayudHBIE
HCCIIEIOBAHUS (bU3UIECKUX 00BEKTOB,
CHCTEM M TIIpPOLIECCOB, o0OpadaTbiBaTh U
MPEJCTABIATh SKCIIEPUMEHTAIbHBIC TAaHHBIE.

OIIK-2.2. Pemmaet TeopeTuyecKre 3a/1a4i U MPOBOIAUT
MOJICIUpOBaHNE (PU3NUECKUX OOBEKTOB, CHUCTEM U
MPOLIECCOB B paMKaxX HayYHOT'O MCCIIEIOBAHUS.

5. @opMa NPOMEKYTOUHOM ATTECTALMUA M CEMECTP NMPOXO0K/ACHUA

3adgeT B b cemecTpe, dk3aMeH B 6 ceMeCTpeE.




6. SI3bIK MpenogaBaHUA: PYCCKUIA.

1. Conep:xanne TUCHHUILINHBI, CTPYKTYPUPOBAHHOE 1O TeMaM (pa3jaeiam) ¢
yKa3aHHEeM OTBEJIEHHOT0 Ha HHUX KOJHYECTBA AKaJeMHYEeCKHX 4YacOB W BH/I0OB
Y4eOHbIX 3aHATHI.

1.l cTyAeHTOB 04HOI (pOpMBI 00ydeHHUS

KonTaktHas padora (dac.) Camocros-
[TpakTyeckue TeIbHas
Jlexuuu
Bcero 3aHSTHUSI pabota, B TOM
(dac.) B T.4. B T.4. YUCIIe
BCETO | MPaKTUYeCKasl | BCETO | MpaKTHYECKast KonTponb
ITOJTOTOBKA MOJTrOTOBKA (dac.)

VY4eOHas nporpamma —
HaMMEHOBAHUE Pa3/ieioB
U TeM

1. Beenenne. OCHOBHBIC 7 2 2 3
TIOHSATHS BEKTOPHOTO U
TEH30PHOTO aHAJIN3A.
[Ipemmer
ANEKTPOTTHAMUKH.
Hcropus - oCHOBHBIC
9TaIbl YBOJIIOIHH,
COBPEMEHHOE COCTOSIHUE,
MEPCIEKTUBBI PA3BUTHSL.
Poxb anekTpoauHaMuku B
COBPEMEHHOM
(hbU3UYECKOI KapTUHE
Mmupa. CBsi3b € APyTUMU
JUACIUATUTMHAMH.

2. IpuHnun 9 2 2 5
OTHOCHTEJIbHOCTH.
CkopocTb pacripocTpaHeHus]
B3aUMOJICCTBUH.
Wureppan. CodbcTBeHHOE
Bpemsi. [IpeoOpazoBanue
Jlopenma. [IpeoGpazoBanue
CKOpPOCTH. YeTbIpexMepHbIe
BEKTOpBL. UeTsIpexmepHas
CKOpOCTb.

3. PeraTuBuCTCKAA 11 3 3 5
MexaHuka. [ [puHimn
HanMEHBIIIETO JCHCTBHS.
OHeprust U UMITYJIbC.

[IpeobpazoBanwe GyHKIN
pacripenenenus. Pacraz

YaCTHIL. HuBapuanTHOE
ceyenne?, Ynpyrue
CTOJIKHOBEHHSI YaCTHIL.
MoMeHT uMITyJIsca.

1 BOHpOCbl AJIA CAMOCTOATECIBHOIO H3YyYCHUA.
2 BOl'lpOCLI AJI U3YYCHHUSA TOJbKO HA CCMHUHAPCKUX 3AHATUAX.



4. 3apsaa B
3JIEKTPOMATrHUTHOM I10JI€.
DJeMEHTapHbIE YaCTHIIbI B
TEOPUU OTHOCUTEITBHOCTH.
YeTsIpexMepHbIi
MOTEHIU A TIOJIS.
YpaBHEHUE JTBUKEHUS
3apsia B IOJIE.
KannbpoBounas
VHBapUaHTHOCTb.
[TocrosiHHOE
3JIEKTPOMArHUTHOE MOJIE.
JIBMKEHUE B IIOCTOSIHHOM
OJTHOPOJHOM
IEKTPUYECKOM II0JIE.
JIBrKEHUE B TOCTOSITHHOM
OJIHOPOJIHOM MarHUTHOM
nosie. J{BurkeHue 3apsizia B
MOCTOSIHHBIX OJTHOPOJIHBIX
AIEKTPUIECKOM U
MarHuTHOM nossix. TeHsop
IEKTPO-MarHUTHOIO MOJIA.
[IpeobpazoBanue JlopeHia
i ons.?. MHBapuaHTh!
TOJIs1.

11

5. YpaBHenust
31eKTPOMATHUTHOI 0
nmoJist. [Iepast mapa
ypaBHeHHI MakcBeuia.
JlelicTBrE IS
IEKTPOMArHUTHOTO TOJISL.
YeTbIpeXMEpPHBI1 BEKTOP
TOKa. YpaBHEHUE
HelpepbIBHOCTH. Bropas
rapa ypaBHEHUN
Makcgesuna. IInoTHOCTS 1
IIOTOK dHEepruu. TeHzop
SHEPrUM-UMITyJIbca. TeH3op
SHEPIUH - UMITYJIbCA
JIEKTPOMAarHUTHOTO TIOJIS.
Teopema Bupuana’. Tensop
SHEPrUM-UMITYJIbCA
MaKPOCKOMUYECKUX TesL.

11

6. ITocrosinHoOe
3JIeKTPOMATHUTHOE 10J1€.
3akoH Kynona.
DNeKTpocTaTniecKas
sHeprus 3apsnos. [lone
PABHOMEPHO JIBHXKYLIETOCS
3apsina. Jlprkenue B
KYJIOHOBCKOM TIOJIE.
JIMMONbHBII MOMEHT.

11




MynbTUNONEHBIE
MoMeHTBL. Cucrema
3apsi10B BO BHELIHEM MOJIE.
IlocrossHHOE MarHUTHOE
mosie. MarHUTHBIA MOMEHT.

2 Teopema Jlapmopa.

7. DJIeKTPOMATHUTHBIE
BOJIHBL. BonHoBOE
ypaBHeHue. [Inockue
BOJIHBL.
MoHoxpomaruueckas
TUIOCKas BOJTHA.
CnekTpanbHOE Pa3IokKEHHUE.
YacTryHO MOJISIPU30BaHHBIH]
cBeT. Pasnoxenue
ANIEKTPOCTATHYECKOTO TOJISL.
CobcTBeHHble KONeOaHus
TOJISL.

11

8. PacnipocTpaneHue
cBeTa. ['eomerpuyeckas
onTuKa. VIHTeHCUBHOCTD.
VrnoBoii siikoHan. ToHkue
ITyYKH JTy4eH.
OTto0OpaXkeHUE IMUPOKUMH
Imy4kam Jryyen. [Ipenenst
TEOMETPUYECKON OMTUKH.
Hudpaxiprst. Juppaxriys
Openenst. ndpaximst
OpayHrrodepa

9. IloJie ABUKYIIUXCSE
3apsI0B. 3ara3pIBaroIme
noreHManbl. [loreHnmansl
JInenapa - Buxepra.
CnexrpanbHoe
paziioxeHne
3ama3AbIBarOIIX
noTeHIManoB. OyHKIMA
Jlarpan»ka ¢ TOYHOCTBIO J10
YJIEHOB BTOPOTO MOPS/IKA

10. U31yuenue
3J1IeKTPOMATHUTHBIX
BOJIH. [lone cuctemsl
3aps/10B Ha JAJIEKUX
paccrosHUsIX. JlunonpHoe
n3ny4deHue. JlunonsHoe
U3ITy4YEeHHE IIpU
CTOJIKHOBEHHSIX.
Topmo3zHoe u3nmyueHne
MaJIbIX 4acToT. M3mydyenue
IIPY KyJIOHOBCKOM
B3aUMOJICHCTBUM.
KBazpynonbHoe




MAarHUTO-IUIIOTEHOE
m3nyyenus. [Tone
W3ITy4eHHs Ha OJTU3KUX
paccrosHusix. M3imyueHue
OBICTPO JIBIKYILIETOCS
3apsiia. Marauro-
TOPMO3HOE U3ITyYEHHE.
TopMmoskeHHe U3ITyYeHHEM.
TopMokeHnE N3TyYeHrEM
B PEJISITUBUCTCKOM CITy4ae.
CnekrpalibHOE pa3iioxKeHHe
U3ITy4YeHUs B
YIIBTPAPEIISTUBUCTCKOM
ciydae. Paccesinue
CBOOOTHBIMH 3aPSITAMHL.
Paccesinuie BostH ¢ MabIMU
yactoramu. PaccesHue
BOJIH C OOJIBIITMU
YacTOTaMHU.

11. DueKkTpocTaTUTKA
NPOBO/HNKOB.
DNEKTPOCTaTUUECKOE M10JIe
IIPOBO/IHUKOB. DHEPIusl
ANIEKTPOCTATHYECKOTO TOJIS
MIPOBOAHMKOB. METO/IbI

PCIICHHSA
QJICKTPOCTATHYCCKNX

3ayau.’ Cia, JEUCTBYIOIIAs
Ha MPOBOJIHUK.

11

12.JaexTpocTaTuka
AUDJIEKTPUKOB.
DNeKTpOCTaTUYECKOE MoJie
B JIMJIEKTPHUKAX.
JdrneKkTpudeckas
MPOHUIIAEMOCTb.
TepmomrHamuueckue
COOTHOIIICHUS JIJIST
JIMATIEKTPHKOB B
ANIEKTPUYECKOM I10JIE.
[NomHas cBoOOAHAS SHEPTHS
JRJIEKTPUIECKOT O TENA.
ONEKTPOCTPUKLIVA
M30TPOIHBIX AUAIIEKTPHKOB.
IIpe300meKTpUKH U
CETHETORNIEKTPUKH.

11

13. ITocTOSIHHBIH
JIEKTPUYECKHH TOK.
IInotHOCTH TOKA U
MPOBOIMMOCTB. DPpdexT
Xomna. KonraktHas
Pa3HOCTH TIOTECHITUAJIOB.

T"asnLBaHMYECKNIA DIIEMEHT.

11




Tepmoonexrpuueckue
SIBJICHUSL.
TepMoraaibBaHOMArHUTHBIE
SIBJICHUSL.

14. ITocTosiHHOE
MAarHuTHOE I10JI€.
ITocTossHHOE MarHUTHOE
royie. MarauTHoOE moJje
IIOCTOSHHBIX TOKAB.
TepMoauHamMuyeckune
COOTHOIIICHUS B
MarauTHoM mnose. [TomHas
SHEPTUsl MarHEeTHKA.
DHEprusi CUCTEMBbI
TOKOB.CaMOMHIyKLIUS
JIMHEMHBIX MPOBOTHUKOB.
CuJibl B MATHUTHOM IIOJIE.
I'mpoMarHuTHEIC
sSBJICHHS.

11

15. ®eppomarueTusm u
aHTH(eppoOMarHeTusM.
MarHuTHas CUMMETpPHUS
KpHUCTAJIJIOB.
depoMarueTuk BOIU3U
Touku Kropu.
MarHuToCTpUKLUS
(beppOMarHeTHKOB.
AHTH(EppOMarHeTuK
BOM3U Touku Kropu.

16.
CBepxXnpoBoAMMOCTb.
MarsuTHbIE CBOMCTBA
CBEPXITPOBOJHUKOB.
CBepXIpoBOASIIANA TOK
Kputnueckoe nosne.
IIpomexxyTouHoe
COCTOSIHHE U €T0

CTPYKTYypa.

17. KBa3ucraumoHapHoe
3JIEKTPOMATHUTHOE
noJie. YpaBHEHUE
KBa3HCTAIMOHAPHOTO
noist. ['myOuna
MIPOHUKHOBEHHUS
MarHuTHOTO TIOJIS B
npoBoAHUK. CKUH-

s dexr. KommiekcHoe
conporupnenue.
EmMKocTh B 1ienu
KBa3HCTAIIMOHAPHOT'O
Toka.! JIpmKenue
IIPOBOJIHMKA B

11




MarouTHOM HOJIC.J'

18. MarautHas
THAPOAUHAMMKA.
VYpaBHeHUE TBUKEHUS
JKUJIKOCTH B MarHUTHOM
IOJIC. JUCCHUIIATHBHEIC
MPOLECCHl B MATHUTHOMN
TUJPOIMHAMUKE.
MarauToIMHAMHUYECKHE
BOJIHBI. Y JapHBIE BOJIHBI.
VYcaosue
ABOJIOIMOHHOCTH
YJApHbIX BOJIH.

19. YpaBHenust
3JIEKTPOMATHUTHBIX
BOJIH. YpaBHEHHUS MOJIS B
JTUAJIEKTPUKAX B
OTCYTCTBHUHM JIUCIIEPCUU.
DneKTpoAHAMUKA
JBUKYIINXCSA
JUDJIEKTPUKOB.
Hucnepcus
JUBJIEKTPUYECKON
MIPOHUIIAEMOCTH.
JusnexTpudeckas
MIPOHUIIAEMOCTb MPHU
OYeHb OONBIINX
yacTtoTtax. Jlucnepcus
MarHUTHOMN
MIPOHUIIAEMOCTH. DHEPrus
MOJISL JUCTIEPTUPYIOIINX
cpenax. AHaTUIMYECKUE
CBOMCTBA (PyHKIUM £(w)-

IInockas
MOHOXpOMaTH4eCcKas
BoJiHA. [Ipo3paunsie
Cpeabl.

20. PacnipocTpanenue
3J1eKTPOMATHUTHBIX
BOJIH. [ 'eomeTpuueckas
ontuka. OTpakeHue u
IIPEIOMJIEHUE BOJIH.
IToBepXHOCTHBIX
UMIIEAHC METAIIJIOB.
Pacnpoctpanenue BoJH B
HEOJIHOPOAHOM Cpee.
[IpuHIMIT B3aUMHOCTH.
ONEeKTPOMarHuTHbIE
KoJ1e0aHusl BOJIH B MOJIBIX
pe3oHaTopax.
Pacnpoctpanenue
IEKTPOMAarHUTHBIX BOJH




B BOJIHOBOIaX. Paccesinue
W TOTJIOIICHUE
3JIEKTPOMArHUTHBIX BOJIH
Ha MaJIbIX YaCTHIIAX.
Judpaxius Ha KIUHE U
TJIOCKOM JKpaHe.

21.
DJIeKTPOMAarHUTPHbIE
BOJIHBI B AHM30TPOIHBIX
cpenax.
Jusnexrpudeckas
IIPOHULIAEMOCTh
kpucramios. [Iimockas
BOJIHA B @HU30TPOIIHOU
cpene.Ontuueckue
CBOMCTBA OJTHOOCHBIX
KpUCTAILUIOB. /[ByOoCHBIE
KPUCTAJLIIBL.

22. IlpocTpancTBeHHAast
AUCIIePCHUsl.
IIpoctpancTBeHHAs
nucrniepcus. EctecTBenHas]
ONTUYECKAsi aKTUBHOCTb.
ITpocTpaHHCTBEHHAs
JUCIepCusl OTIINYECKU
HEaKTHBHBIX CpeJax.
[IpoctpancTBeHHAs
aucrepcus BOJIU3U JINHUU
HOIIOILEHUS.

23. Heauneitnast
ontuka. [I[peobpazoBane
4acTOT B HEJTMHEWHBIX
cpenax. Henunerinas
MIPOHUIIAEMOCTb.
I'enepanms BTopoi
rapMOHUKHU. CUITbHBIE
3JIEKTPOMAarHUTHbHIE
BOJIHBL. BIHYX1€HHOE
KOMOHWHAIIMOHHOE
paccesiHue.

24. TlpoxoskneHune
OBICTPBIX YaCTHUL Yepe3
BelecTso. Monusanmon-
HBIE IOTEPU OBICTPBIX
YaCTHII B BELIIECTBE.
N3nyuenne YepeHkosa.

25. Paccesinue
3JIEKTPOMATHUTHBIX
BOJIH. [Ipnnmn
JIETAIbHOTO PAaBHOBECHSI
MIPU PACCESTHUH.
PaccesHue ¢ MmaiasiM




NU3MCHCHHUEM HaCTOTHI.
PeneeBckoe paccesinue B
ra3zax U KUAKOCTAX.

26. ludpakums 9 2 2 5
PEHTI€HOBCKHX JIy4eH B

KpUCTaJIIax.

JK3aMeH: 27 27
Hroro: 252 62 62 128

I11. O0pa3oBaTebHbIE TEXHOJIOTHH

Y4ebHast mporpaMMax-
HAaUMEHOBAHHE PA3/IClIOB U TEM
(6 cmpocom coomeemcmeuu ¢
paszdenom || PII]])

Bun 3agarus

O6p330BaTeHBHBIC TCXHOJIOI'MH

1. BBenenmne. OCHOBHEBIE ITOHATHS
BEKTOPHOTO U TEH30PHOTO aHAJIHM3A.
[Ipenmer 35eKTpoIMHAMUKH.
Hctopus - 0CHOBHBIE 3TaMbI
3BOJIFOLIMU, COBPEMEHHOE
COCTOSIHHE, NTEPCIEKTUBBI
pa3Butus. Posb
AJIEKTPOJIMHAMUKH B
COBPEMEHHOM (pU3HUECKON
kapTuHe mupa. CBa3b C
JPYTUMU JUCUHUIUIMHAMM.

.HeKI_II/II/I, IMPAKTUYICCKUEC 3aHATHUA

Nznoxenue TEOPETUUECKOTO
MaTtepuaia (Ipe3eHTalus)
Pemenue 3amau
CamocTosTenbHOoe U3y4EHUe
TEOPETUYECKOr0 MaTepuana

2. [IpyHIUI OTHOCUTEILHOCTU. | JIEKIIUU, MPaKTUYECKUE 3aHITHS | AKTUBHOE CIIylIaHueE.
CkopocTh pacpocTpaHeHHs ['pynmoBoe pemenue 3anad.
B3auMoieicTBri. HTEpBaL Pemmenue WHIAVBUIYATbHBIX
CobGcTBeHHOE BpeMsl. 3a1a4

[TpeoGpazoBanue JlopeHria.

[IpeobpazoBaHme CKOPOCTH.

YeTbIpexMepHBIE BEKTOPBI.

UYetbIpexMepHasi CKOPOCTb.

3. PersatuBucTCcKast Mexanuka. | Jlekiuu, mpaktudeckue 3ansatus | M3noxenue TEOPETUUECKOTO

[TpuHIIMT HAUMEHBIIIETO
NEeNCTBUS. DHEPIHsl U UMITYJIbC.
[peoOpazoBanue GyHKIHN
pacnipenenenus. Pacriag yactuil.
WNuBapuanTHOE ceueHue. Ynpyrue
CTOJIKHOBEHHMS 4acThll. MOMEHT

MMITYJIbCA.

MartepHaia (Ipe3eHTaius)
Pemenwne 3anaq
CamocrosTenbHoe U3yueHHe
TEOPETUYECKOTO MaTepraa

4. 3apsi B 371eKTPOMArHUTHOM
1oJie. DJIEMEHTapHBIE YaCTHIIbI B
TEOPUU OTHOCUTEITBHOCTH.
YeTbIpeXMEpHBIi IIOTEHIHAAIT
NoJisl. Y paBHEHUE ABUKCHHUS
3apsizia B none. KanmuOpoBounas
MHBapuaHTHOCTb. [locTossHHOE
JIEKTPOMArHUTHOE IOJIE.
JIBMKEeHUE B MOCTOSIHHOM

.HGKHI/II/I, MPAKTUYCCKUC 3aHATUA

AKTHUBHOE CITyIIIaHUE.
['pynmoBoe pemenue  3amad.
Pemenue HUHAUBUAYAJIbHBIX
3a/1a4




OZTHOPOJTHOM 3JIEKTPUIECKOM
nose. JIprxeHne B HOCTOSTHHOM
OJJTHOPOJTHOM MAarHUTHOM I10JIE.
JIBrKeHMe 3apsia B OCTOSIHHBIX
OJTHOPOJHBIX AIEKTPUIECKOM U
MarHuTHOM NoJsix. TeHsop
ANIEKTPOMArHUTHOT'O TOJISL.
[IpeobpazoBanue Jlopenia st
noss1. MIHBapuaHThI OIS,

5. YpaBuenusi
3JIEKTPOMATHUTHOI'O IOJISI.
[TepBas mapa ypaBHEHMI
Makcgemna. JleiictBue ajist
3JIEKTPOMAarHUTHOTO TOJISL.
YeTbIpexMepHBI1 BEKTOP TOKA.
YpaBHEHNE HENPEPHIBHOCTH.
Bropas napa ypaBHeHui
Makcsemia. [ 110THOCTB U TOTOK
sHepruu. TeH30p dHepruu-
uMIyIsbca. TeH30p 3Hepruu -
HMITYJIbCA 3JIEKTPOMArHUTHOTO
nosist. Teopema Bupuana. TeH3op
SHEPIUU-UMITYJIbCA
MaKpPOCKOIMUYECKUX TEJL.

.HCKI_II/II/I, IMPAKTUYCCKUE 3aHATUA

Nznoxenue TEOPETUYECKOTO
Marepuania (Mpe3eHTaIus)
Pemrenue 3agau
CamocTosiTenbHOe U3y4EHUE
TEOPETUUECKOr0 MaTepuana

6. IlocTosinHoe
3JIEeKTPOMATHUTHOE I0J1e. 3aKOH
Kynona. Dnekrpocratuyeckas
sHeprust 3apsaoB. [lone
PaBHOMEPHO JIBUKYIIIETOCS
3apsija. JIBrkeHue B
KYJIOHOBCKOM TT0J1€. JIMTIONTBHBIN
MOMEHT. MyJIbTUTIONIbHBIE
MoMeHTbI. CrcTema 3apsiioB BO
BHeHeM nosie. [TocrosHHOE
MarHuTHOE nose. MarHuTHbII
MoMeHT. Teopema Jlapmopa.

.HGKIII/II/I, MPAKTUYCCKUC 3aHATUA

AxTuBHOC
I'pynnosoe
Pemienue
3aja4

CIIyLIaHHUE.
pelieHue  3ajad.
WHIMBUTYTbHBIX

7. DJIeKTPOMATHUTHBIE BOJIHBI.
Bonnosoe ypasaenue. [Inockue
BOJIHBL. MOHOXpOMaTH4eCKast
iockas BojHa. CreKkrpanbHoe
paznoxkenue. YactuaHo
TOJIAPU30BAaHHBIN CBET.
PasnoskeHue aneKTpocTaTiyecKoro
nosist. CoOcTBEeHHBIE KoteOaH st
TIOJISL.

.HGKHI/II/I, MPAKTUYCCKUC 3aHATUA

N3noxenne TEOPETUYECKOTO
MartepHaia (Ipe3eHTamus)
Pemenne 3anau
CamocrosTenbHoe U3yueHHe
TEOPETUYECKOTO MaTepraa

8. PacnpocTpanenue cBera.
I'eomerpuueckas onruka.
NHTeHCcuBHOCTD. YTIIOBOM
siikoHaN. TOHKHME IMyYKH JTy4eu.
OroOpaskeHne IMPOKUMU
my4kam Jryuen. [Ipenenst
T€OMETPUIECKON ONTHKHU.

.HCKI_II/II/I, MPAKTUYCCKUC 3aHATUA

AKTHBHOE CIIyLIaHUE.
['pynmoBoe  pemenue 3anad.
Pewenue VHIMBUyaJIbHBIX
3a1a4




Hudpaxiwst. Tudpaxips OpeHers.

Judparxips Opayurodepa

9. [MoJie ABUKYIIUXCS 3aPSI/IOB.
3ara3apIBaroIye MOTEHIIAATEL.

[Torenumans! JInenapa - Buxepra.

CriekTpaibHOE Pa3IOKEHHUE
3aI1a3/IbIBAIOIHX [IOTCHIIUAIOB.
OyuHkius Jlarpanka ¢ TOYHOCTBIO
JI0 YWICHOB BTOPOTO MOPSIIKA

.HGKLII/II/I, MPAKTUYCCKUC 3aHATUA

Nznoxenue TEOPETUIECKOTO
MaTtepuaa (Ipe3eHTaIus )
Pemenue 3agau
CamocrosTenpHOe U3yUYCHHE
TEOPETUIECKOT0 MaTepuana

10. U3ayyenue
3JIEKTPOMATrHUTHBIX BOJIH. [lose
CHCTEMBI 3apsI0B Ha JAJIEKUX
paccrosHusIX. JlunonbHoe
u3nyyenue. JlumnonsHoe
U3JTy4YEHHE NIPU CTOJIKHOBEHUSIX.
TopMo3HOE U3ITydeHHE MaJTbIX
yactoT. M3mydenue npu
KYJIOHOBCKOM B3aHMOJICHCTBHH.
KBagpymnonsHoe 1 MarHuro-
JMIIONIbHOE u3imyyeHust. [lone
W3ITy4eHHs Ha OJU3KHUX
paccrosiHusX. M3imyyenue ObICTpO
JBWKYILErocs 3apsiia. Marauro-
TOPMO3HOE U3JTy4YEHHE.
TopMorkeHne n3ITydeHneM.
TopMoxeHue u3nyueHueM B
PEIATUBUCTCKOM CITyYae.
CriekTpanbHOE pa3ioKeHue
W3JTy4eHHS B
YIBTPAPESITUBUCTCKOM CITy4ae.
Paccesinie cBOOOTHBIMU
3apsiamu. PaccestHue BOJH ¢
MaJIbIMU YacToTaMu. PaccestHue
BOJIH C OOJIBIIIMMH YaCTOTAMHU.

.HCKI_II/II/I, IMPAKTUYCCKUE 3aHATHUA

AXTHBHOE
I'pymnmosoe
Pemenne
3aja4

CIIyIIaHHE.
peuieHue  3ajad.
WH/IMBHyaTbHBIX

11. DekTpocTaTuTKa
NPOBOJAHUKOB.
DNEKTPOCTATUYECKOE TTOJIE
IIPOBO/IHUKOB. JHEPIUsl
AIIEKTPOCTATHYECKOT'O TTOJIS
MIPOBOJTHUKOB. MeTO/IbI peleHNst
ANEKTPOCTaTHUYECKUX 3a/1a4. Cuna,
JEHCTBYIOIIAs] HA IPOBO/HUK.

.HGKHI/II/I, MPAKTUYCCKUC 3aHATUA

N3noxenne TEOPETUYECKOTO
MarepHaia (Ipe3eHTaius)
Pewmenne 3anau
CamocrosTenbHoe U3yueHHe
TEOPETUYECKOTO MaTepraa

12.9n1exkTpocTraTnka
AUIIEKTPHKOB.
DJEKTPOCTATUIECKOE TOJIE B
JWAIIEKTpUKax. [lpanekTprdeckas
MPOHUIIAEMOCTb.
TepmomuHamuueckue
COOTHOILICHUSI JUIS IUAJIEKTPUKOB B
AIeKTprUUecKoM mose. [lomuas
CBOOOTHAS SHEPT S
JRJIEKTPUYECKOT O TENA.

.HGKHI/II/I, MPAKTUYCCKUC 3aHATUA

AKTHUBHOE CITyIIIaHHE.
['pynmoBoe pemenue  3amad.
Pemenue HUHAUBUAYAJIbHBIX
3a/1a4




DNEKTPOCTPUKIMS U30TPOITHBIX
TRIEKTPUKOB. [ 1be30351eKTpuKy 1
CETHETORIEKTPUKH.

13. llocTosiHHBIH
3JIEKTPUYECKHH TOK.
[1noTHOCTH TOKA ¥ IPOBOJIMMOCTb.
Dddexr Xomra. KonrakrHas
Pa3HOCTb IOTEHIIUAJIOB.
["anbBaHMYECKMIA AIIEMEHT.
TepmoanekTpuyecKre SBICHHUS.
TepMoraaibBaHOMArHUTHBIE
SIBJICHUSL.

.HCKI_II/II/I, IMPAKTUYCCKUE 3aHATUA

Nznoxenue TEOPETUUECKOTO
Marepuania (pe3eHTarus)
Pemrenue 3agau
CamocTosiTenbHOe U3y4€HUE
TEOPETUUECKOr0 MaTepuana

14. ITocTosiHHOE€ MATHUTHOE
nmoJie. IlocTosHHOE MarauTHOE
moyie. MaruuTHoe moJje
IMOCTOSIHHBIX TOKAaB.
TepmoanHaMuuecKue
COOTHOIICHHS B MATHUTHOM
noste. [lonnas sHeprus
MarHeTukKa. JHEPrus CUCTEMbI
TOKOB.CaMOMHIyKLIUs
JIMHEMHBIX MPOBOJIHUKOB. CHUIIBI
B MAarHMTHOM IOJIE.
['upomMarHuTHbIC SBJICHUS.

.HGKLII/II/I, MPAKTUYCCKUC 3aHATUA

AKTHUBHOE
I'pynnosoe
Pemenue
3a1a4

CIIyIIaHHUE.
pelieHue  3ajad.
WHIMBUIYTbHBIX

15. ®eppomarneTusm u
aHTH(eppOMarHeTu3M.
MarnuTHas cuMMeTpuUs
KpucTaioB. PepoMarHeTuk
BOM3M Touku Kropu.
MarHuToCTpUKLUS
(beppoMarHeTuKoB.
AHTH(EppOMarHeTuk BOIU3H
touku Kropu.

.HGKIII/II/I, MPAKTUYCCKUC 3aHATUA

N3noxenne TEOPETUYECKOT O
MaTtepuaa (Ipe3eHTaIus )
Pewenne 3anau
CamocTosTenbHOoe U3yuCHHE
TEOPETUYECKOT0 MaTepuaa

16. CBepXnpoBOAUMOCTb. Jlexuuu, MpakTUUECKHUE 3aHATUS. | AKTUBHOE CIIyILLIaHUE.
MarHuuTHbIE CBOMCTBA I'pynnoBoe pemienue  3aaad.
CBEPXIPOBOIHUKOB. Pewenue VH]IMBUIyaIbHBIX
CBepXIpoBOASIINN TOK 3a7a4

Kputnueckoe noie.

[TpoMexxyTOUHOE COCTOSIHUE U

€ro CTPYKTypa.

17. KBa3ucrauuonapHoe Jlexuuw, npakTuueckue 3aHaATus | M3noxenue TEOPETUYECKOTO

3JIEKTPOMArHUTHOE MoJIe.
YpaBHeHue
KBa3UCTAl[MOHAPHOIO MOJIS.
I'myOviHa TpOHUKHOBEHUS
MarHMTHOT'O TOJIS B IPOBOJIHUK.
Cxkun-3¢dext. KommnekcHoe
conportusieHue. EMKocTs B
L[eNU KBa3UCTALOHAPHOTO
TOKa. J[BU’KEHUE MPOBOJIHUKA B
MarHMTHOM TIOJI€.

MartepHaia (Ipe3eHTaius)
Pemenwne 3anaq
CamocrosTenbHoe U3yueHHe
TEOPETUIECKOTO MaTepraa

18. Marautuas

.HGKI_II/II/I, MPAKTUYCCKUC 3aHATUA

AxTuBHOC CJIyHIaHue.




THAPOAUHAMMKA. Y paBHEHUE
JBUKEHUSI )KUIKOCTU B
MaroHuTHOM

T0JIe. IMCCUTIATUBHBIE MTPOLIECCHI
B MarHUTHOH TUAPOANHAMUKE.
MarautogMHaMU4YECKUE BOJIHBI.
Y napHblie BOJIHBI. Y CIIOBUE
SBOJIFOLIMOHHOCTHU yJIaPHBIX
BOJIH.

I'pymnmiosoe
Pemenne
3amad

pelieHue  3ajad.
MHIBUAYaIbHBIX

19. YpaBHenusi
3JIEKTPOMATHUTHBIX BOJIH.
VYpaBHeHuUs M0 B
JUAJIEKTPUKAX B OTCYTCTBUU
TUCIIEPCUH. DIEKTPOIMHAMHUKA
JBUKYIIUXCS TUIICKTPUKOB.
Jucnepcust AMAIEKTPUYECKOM
MIPOHUIIAEMOCTH.
JusnexTpuueckas
MIPOHUIIAEMOCTh MPU OYCHB
Oonbiux yactorax. lucnepcus
MarHUTHOM IPOHUIIAEMOCTH.
DHeprus 1o
JTUCTIEPTUPYIOIIUX Cpeax.
AHaTHIMYecKHe CBOMCTBA
byHKIMH ¢(w)- 11m0CKast

MOHOXpOMaTHYeCKas BOJIHA.
[Ipo3paunble cpenbl.

.HCKI_II/II/I, IMPAKTUYCCKUE 3aHATUA

Nznoxenue TEOPETUYECKOTO
Marepuania (Mpe3eHTaIus)
Pemrenue 3agau
CamocTosiTenbHOe U3y4EHUE
TEOPETUUECKOr0 MaTepuana

20. PacnpocTpanenue
3J1IeKTPOMATHUTHBIX BOJIH.
I'eomeTprueckas onruka.
OTtpaxxeHue u npeaomiieHue
BOJIH. [ToBepxHOCTHBIX
UMIIEIAHC METAIIJIOB.
Pacnipoctpanenue BoJIH B
HEOAHOpOoAHOU cpene. [IpuHnun
B3aMMHOCTH.
DNeKTpOMarHUTHBIE KOJICOaHUs
BOJIH B ITOJIBIX PE30HATOPAX.
Pacnpoctpanenue
3JIEKTPOMArHUTHBIX BOJIH B
BOJIHOBOJax. PaccesHue n
MOTJIOLEHUE
AJIEKTPOMAarHUTHBIX BOJIH Ha
ManbIX yacTtumax. Judpakuus
Ha KJIMHE U IJIOCKOM JKpaHe.

.HeKI_II/II/I, IMPAKTUUICCKUC 3aHATHUA

AXTHBHOE
I'pynmioBoe
Pemenue
3amad

CIIyIIaHHE.
pelieHrue  3a/ad.
WH/IMBHTyaTbHBIX

21. DiIeKTpOMarHuTpHbIE
BOJIHBI B AHM30TPOIHBIX
cpeaax. Jlusnekrpuueckas
MIPOHUIIAEMOCTh KPUCTAIIJIOB.
[1;mockast BOHA B aHU30TPOITHOM
cpene.OnTuyecKkre CBOMCTBA
OJIHOOCHBIX KPHCTAJJIOB.

.HCKI_II/II/I, MPAaKTUYCCKUC 3aHATHUA

Nznoxenue TEOPETUYECKOTO
Marepuana (Mpe3eHTaIus)
Pemenue 3agau
CamocrosiTenpHOE U3y4yeHue
TEOPETUIECKOr0 MaTepuana




JIByOCHBIE KPUCTAJUIBI.

22. IIpocTpaHcTBEeHHAas Jlekuuu, npakTU4YECKUe 3aHATUA | AKTUBHOE CJIyIIIaHUE.
aucnepcus. [IpoctpancTBennas ['pynmoBoe  pemienue  3amad.
nucniepcusi. EcrectBeHHas Pemrenue WHIMBUYTbHBIX
OIITHYCCKAsl AKTHBHOCTD. 3aja4

[IpocTpaHHCTBEHHAs! AUCTIEPCHS

OTIHMYECKU HEAKTUBHBIX CpeJiax.

[IpocTpancTBeHHAs! AUCTIEPCHS

BOJIM3H JIMHHUH IIOTJIOIICHHUS.

23. HeauHeiiHasi ONITHKA. Jlexnuu, npaktTuyeckue 3ausatusa | Mznoxenue TEOPETUYECKOTO

[TpeoOpa3zoBaHe 4acToT B
HEJIMHEWHBIX Cpe-aax.
HenunetHas npoHUIIaEMOCTb.
['enepanust BTopoil rapMOHMKH.
CuJibHBIE 3JIEKTPOMArHUTHBIE
BOJIHBL. BBIHY X /1eHHOE
KOMOMHAIIMOHHOE PACCESHHUE.

Marepuaia (pe3eHTaIus)
Pemrenue 3agau
CamocTosiTenbHOe U3y4EHUE
TEOPETUUECKOr0 MaTepuana

24. IlpoxoskneHune ObICTPBIX Jlexuuu, IpakTU4YEeCKUE 3aHATHS | AKTUBHOE CIIyLIaHHUE.
YacTHIL Yepe3 BelecTBo. I'pynmoBoe  pemenue  3agad.
HoHun3zanmoH-Hble otepu Pemenue WHIUBUAYAJIbHBIX
OBICTPBIX YACTHII B BELIIECTBE. 3a1a4

Mznyyenne YepeHkona.

25. Paccesinue Jlexumum, npakTudeckue 3auatus | Mznoxenue TEOPETUYECKOTO

3JIEKTPOMATHUTHBIX BOJIH.
[Ipunun netanbHOro
paBHOBECHSI IIPU PACCESTHUU.
Paccesnue ¢ masbim
U3MEHEHHUEM YaCTOTBHI.
PeneeBckoe paccesHue B razax
U KMJIKOCTSIX.

MaTepuaa (Ipe3eHTaIus )
Pewenne 3anau
CamocrosTenbHOe U3yUYCHHE
TEOPETUIECKOT0 MaTepuaa

26. Jludpakuus peHTTeHOBCKUX
Jy4el B KpUCTAJIIaX.

.HGKHI/II/I, MPAKTUYCCKUC 3aHATUA

AKTHBHOE CITyIIaHHUE.
I'pynnoBoe  pemenue  3amad.
Pemenne WHAWBUAYAJIbHBIX
3a1a4

IV. Onenounble MaTepuaJIbl VISl IPOBeIeHUs] TEKYylLIed U MPOMEeKYTOYHOM

aTTecTaluu

{1 npoBeieHus TeKyLeil U MPOMe:KyTOYHOM aTTeCTALMU:

YK-1.

CnocoO0eH OCylIeCTBJIATh TMOMCK,

KpI/ITI/I‘{eCKI/Iﬁ AHAJIN3 MU CHHTE3

I/IH(I)OpMaIII/II/I, INPUMEHATD CHCTEeMHBIH moaxoa aJid PpemeHusa IMoCTaBJICHHBIX

3ajav.

VYK-1.1. AHanuzupyer 3a7a4y, BbIIEINss ee 0a30Bble COCTABISIOUINE;

VYK-1.2. Onpegensier, UHTEPOPETUPYET U PAHKUPYET HHPOpMALUIO, TpeOyeMyro s

peIICHUA MOCTaBJICHHOM 3aJa4u,




VYK-1.5. PaccmarpuBaer u npeajiaraeT BO3MOKHbIE BapUAHThI PEIICHUS MOCTAaBICHHON

3aJa4i, OICHHUBAsA UX JOCTOMHCTBA U HCJOCTATKMH.

IToxa3aresu u KPUTEPUHA OLICHUBAHUA KOMIICTCHIUH,

IIIKaJ1a OICHUBAaHUA

3aganue: — — —
Buicoxuit yposenv | Cpeonuii yposenv |  Huszkuit yposens
(3 6anna no (2 6anna no (1 6ann no
Kaxcoomy Kaxcoomy Kaxcoomy
Kpumepuio) Kpumepuro) Kpumepuio)

HaiiTu 3akoH npeoOpa3oBaHus
IUIOTHOCTH SHEPIHH, INIOTHOCTH
MOTOKA SHEPTUH U KOMIIOHEHT TEH30pa
HanpsHKeHUH Ipu peodpazoBaHUU
Jlopenua.

[Tonumaer ¢puzuky
SIBJICHUS,
YKa3aHHOTO B
YCIIOBUH 33a4H.
3anuceIBaeT
npeoOpa3oBaHus
Jlopenua ns
MIPOU3BOJIBHBIX
KOMITOHEHT 4-X
MEPHOI'0 BEKTOPA.
ITpumensis nx
HaXOJUT pelIeHHUE.
AHanu3upyer ero.

[Nonumaer ¢pusuky
SIBJICHUS,
YKa3aHHOTO B
YCIIOBUU 3aJIauu.
3anuceiBaeT
npeobpazoBaHus
Jlopenua nns
IPOU3BOJIBHBIX
KOMITOHEHT 4-X
MEpHOT0 BEKTOpa.
ITpumensis nx
HAXOJIUT PEIICHHE.

[Tonumaer ¢puzuky
SIBJICHUS,
YKa3aHHOTO B
YCIIOBUU 33Ja4H.
3anuceIBacT
npeoOpazoBaHus
Jlopenua s
MIPOU3BOIBHBIX
KOMITOHEHT 4-X
MEpPHOTO BEKTOpa.
He ¢ nepBoit
TIOTIBITKA
MPUMEHSIET UX, a
TOJIBKO TIOCTIE
HABOJSIIUX
BOIIPOCOB.

Haiitm 3akoH mnpenomiIeHHus JIMHHAN
TOKa Ha IUIOCKOW  IIOBEPXHOCTH
paszena IByX cpel ¢ MPOBOJUMOCTAMH
O, U0,.

Jenaer uepTex.
3anuceBaet I'Y mis
IUIOCKOI
IIOBEPXHOCTH
paszaena IByX Cpell.
IIpumenss ero
HAXOJUT pEUICHHUE.

Jenaer ueprex.
3anuceiBaeT I'Y
JUTSI TIOCKOM
MOBEPXHOCTHU
pasnena aByx
cpen. Ilpumensis
€ro HaXOJUT

Jlenaer yeprex.
3anuceiBaer I'Y
JUUIS Ha TIJIOCKOM
MMOBEPXHOCTHU
paszena IByx
cpen. He ¢ nepson
ITOMBITKH

AHanusupyer ero.

AHanusupyer ero. | peuicHue. IIPUMEHSET €ro0, a
TOJIBKO IIOCIIE
HaBOJSIINX
BOIIPOCOB.
[Tomyuuts 3axkon J[xoynsa-Jlenna B|Ilonumaer ¢usuky|Ilonumaer ¢usuky |[lonnmaer Qusuxy
g depeHnnanbHON hopme SIBJICHMS, SIBJICHMS, SIBJICHUS,
YKa3aHHOTO B | YKa3aHHOI'O B | YKa3aHHOTO B
YCIIOBUU 33Ja4H. YCIIOBUH 337a4d. |yCIOBHUH 3aJa4U.
[Ipumenss [Ipumenss HcnbrTeiBacT
MaTeMaTHYECKUe MaT€MaTHYECKUE |3aTpyIHEHUS B
HaBbIKU HaXOJWT |HaBBIKM  HAXOAWT | IPUMEHEHUU
pelIeHue. pelIeHue. MaTeMaTHYECKUX

HABBIKOB HAaXOJUT
pelieHue.

Cnoco0 aTrrecTanu: yCTHBIN, MMCbMEHHBIN




OIIK-1.

CnocobOen

INPUMEHATDH

0a3oBbIe

JHAHUA

B

o0JiacTu

(¢usuxo-

MaTeMaTH4YeCKUX U (MJIM) eCTeCTBEHHBIX HAYK B cdepe cBoell npodeccuoHaAIbHOM

JeATEJbHOCTH.

OIIK-1.1. Ananuzupyet ¢uznueckue 0ObEKThl U MPOILECCHl C TPUMEHEHUEM 0a30BbIX

3HAHUI B 001aCTH (PU3NKO-MATEMATHYECKUX HAYK;

OIIK-1.2. [TpumensieT 3HaHUS B 001acTU (PU3UKO-MATEMATUYECKUX HAYK MPHU PEUICHUH

NPaKTUYECKUX 3a71a4 B cpepe npodhecCuoHAIbHON e TEIHHOCTH.

IToxa3aresu u KPUTEPUHA OLICHUBAHUA KOMIICTCHIUH,

IIKaJ1a OICHUBAaHUA

3aganue:
Buicokuii yposens | Cpeonuii yposenv | Hu3zkuil yposens
(3 6anna no (2 6anna no (1 6ann no
Kaxcoomy Kaxcoomy Kaxcoomy
Kpumepuro) Kpumepuro) Kpumepuro)
Omnpenemts qudpakmmro Opayrrodepa | [lonmmaer pmsuky | [lormmaer pusuky | [lorumaer pusnky
MIPU HOPMAJILHOM TaJIeHUH TUIOCKOM SIBJICHUS, YKa3aHHOTO | SIBJICHU, SIBJICHUS,
BOJIHBI Ha OECKOHEUHYIO IIEJTh IMHUPHUHBI | B YCIIOBUH 33/IaUH. YKa3aHHOT'O B YKa3aHHOT'O B
2a ¢ napauIebHBIMU KPasMH, 3anuchIBaeT YCJIOBUH 33]1a4M. YCJIOBUH 33/1aUH.
IIPOPE3aHHYIO B HEIIPO3PAYHOM SKPAHE. OCHOBHOC YpaBHCHHC 3anuchIBaeT 3anmceIBaeT
JU1s iupaKiy OCHOBHOE OCHOBHOE
®payHrodepa. ypaBHEHHE JUIs ypaBHEHUE JUIS
I'eomeTpruecku mdpakimu mdpakiu
oruchIBaeT 3a1auy. | Opaynrodepa. ®dpaynrodepa.
IIpumenss nannsle | I'eomerpuuecku I'eomeTpruecku
3HaHUSI HAXOJUT OITMCBIBAET 33/1a4y. |OMNMCBIBAET 3a1a4y.
pelLeHne. IIpumensisa nannslie | He ¢ nepsoit
AHanuzupyer ero. 3HAHUSI HAXOIUT TMOTIBITKH HaXOJIUT
pelIeHuE. pelLIEeHNE, a TOJIBKO
TIOCJI€ HAaBOASIINX
BOIIPOCOB.
Pasnoxuth  mone  paBHOMEPHO M |3aluChIBaeT 3anuchIBaeT 3anuchIBaeT
NPSMOJIMHEWHO JBIKYILETOCS 3apsiia Ha | COOTHOLLEHHUE JUIs COOTHOUIEHHE ISl | COOTHOLIECHHE IS
TUIOCKHE BOJIHBL. MOTEHIIMANIA MOJISL. MOTEHIIMANA [TOJISL. | TOTEHIMANIA TOJISL.
Haxomgut Haxomgut Haxomut
HAaIpsHKEHHOCTD TOJISL. | HAPSDKEHHOCTh HaIpsHKEHHOCTh
3anuChIBAET MPABUJIO | TTOJISL. TIOJIS.
paznoXKeHus Ha 3anuchIBaeT 3anmceIBaeT
IUIOCKHE BOJIHBL MIPaBUIIO IIPaBUJIO
[Ipumensis ero pazioKeHus Ha pazIoKeHusI Ha
HaXOJUT PELIEHUE. | IUIOCKUE BOJIHBI. IUI0CKKe BoiHBL He
Anami3upyer ero. [Tpumensis ero C IIEPBOH MOIBITKH
HaXOJUT PELICHHE. | IPUMEHSET €ro, a
TOJIBKO T10CIIe
HaBOJAIINX
BOIIPOCOB.
Ompenenuts  cobcrtBeHHble  yacToThl| [lonumaer  ¢msuky | Ilonnmaer  ¢usuky | Ilonumaer  Qusuky




ANEKTPUYECKUX  KOJIeOaHWH B JIBYX |SIBJICHHS, YKA3aHHOTO | SIBIICHUS, SIBJICHUSI,
WHIYKTABHO  CBS3aHHBIX  KOHTYpaXx,|B YCIOBUM 3aJIa4M.| YKa3aHHOTO B| YKa3aHHOTO B
COoAEpKalMX CaMOMHIYKIIMH |_l u L2 , 3anmcrIBaeT YCJIOBUU 3a1a4H. YCJIOBUU 3a1a4U.
emxocrn C,u1 C, | OIpeIeIUTENb 3anucrIBacT 3anmceIBacT
HMMIICIAaHCOB. OIPENIEIUTEND OIPENEIUTEND
[Tpumensist WMIICIAHCOB. HUMIICJIAHCOB.
MaTeMAaTUYECKUE [Ipumenss HcnbiTbiBaet
HaBBIKU HaXOJUT | MATEMAaTHYECKHUE 3aTpyTHEHUS B
PpElLEHHE. HaBbIKM  HAXOJIWT | IPUMEHEHUH
AHan3upyer ero. penicHue. MaTeMaTUYECKNX
HaBBIKOB  HaXOIUT
pEIIeHNE.

Cnoco0 aTrrecTanyu: yCTHBII, MMCbMEHHBIN

OIIK-2. Cnoco0eH NMpPOBOAUTH HAay4YHbIC MCCJIEIOBAHUS (PU3HYECKUX 00bBEKTOB,

CUCTEM H IIPpOHECCOB, OﬁpaﬁaTLIBaTb H INPEACTABJIATH IJIKCHCPUMEHTAIBHBIC

JaHHbIE.

OIIK-2.2. Pemaer TeopeTUyecKue 3ajJaydl W MPOBOAUT MOJETUPOBAHUE (PUINUECKUX

O6’beKTOB, CHUCTCM M IIPOLCCCOB B paMKaX HAYYHOI'O UCCJICIOBAHUA.

IToka3arenu u KPUTEPUHA OLICHUBAHUA KOMIIETCHIUH,
HIKaJIa OCHUBAaHUA

3aganue: - - -
Buicokuii yposenv | Cpeonuii yposenv |  Hu3skuii ypoeens
(3 6anna no (2 6anna no (1 6ann no
Kaxcoomy Kaxcoomy Kaxcoomy
Kpumepuio) Kpumepuio) Kpumepuio)

C‘lI/ITaeM, YTO B OCHOBHOM COCTOSAHHH
aTOM BOAOpPOJa UMECT IJIOTHOCTDb
QJICKTPHUYCCKOTIO 3apsaaa

2r
p(r)=es(r) —igexp {——} , TJIe
wa a
e=4,8-10" cm¥2-1r2.¢c 1y
hZ
a=——-= 5,3-10° cm. ITokasars, uto
e'm

e
B 9TOW MOJIEIH aTOM BOJOpPO/Ia
CO3J1aET AEKTPUUECKOE MOJIE,
oInuchIBaeMoe (popMyIaMu

(p(f)=e(—+ijexp{—£} u
r a a
2
E(f):%(l £+2L2]exp{—£}
a a a
2
E(F):%(l £+2L2jexp{—£}
r a a

[TocTpouTh rpadvku 3aBUCHMOCTH

ITonnmaer ¢przuxy
SIBJIEHUS1, YKa3aHHOTO
B YCJIOBHH 33/IauH.
3anuchIBaeT
ypaBHEHHE
Makcsena.
3anuchIBaeT
YHUBEPCATIbHYIO
CBSI3b MTOTEHIIHATA
OISt U
HAaIpsHKEHHOCTH.
[TpoBomut
MaTeMaTU4ecKue
BBIYMCIICHUSL.
Crpout rpaduxu
3aBUCHMOCTH B

MATLAB

Ionnmaer ¢puzuxy
SIBJICHU,
YKa3aHHOTO B
YCJIOBHH 33]1a4H.
3anmchIBacT
ypaBHEHUE
Makcaena.
3anuceBacT
YHUBEPCATBHYIO
CBSI3b ITOTCHITHAIIA
TIOJIS ¥
HaNpsDKEHHOCTH.
[IpoBomur
MaTeMaTHIECKIe
BBIYMCIICHHSL.

ITonumaer ¢pu3uKy
SIBJICHU,
YKa3aHHOT'O B
YCIIOBUHM 3a]1a4H.
3anuceIBacT
ypaBHEHHE
Makcaena.
3anuceIBacT
YHUBEPCATBHYIO
CBSI3b IIOTEHITHATIA
TIOJIS U
HaIpspKEHHOCTH.
He ¢ nepsoit
TIOTTBITKH TTPOBOUT
MaTeMaTHICCKUE
BBIUKICIICHHS].




p(M),o(r),E(r) B MATLAB.
Nwmeetcs anekrpomarnutHoe nosie B Bue | [Tonumaer pusuky | [lonumaer pusuxy | [lonumaer ¢puzuxy
nnockoit  sommpi:  E = f(z—ct) u|fBYICHNS, YKA3AHHOTO | SBIICHS, SIBJICHUS,
~ B YCJIOBHH 33/IaUH. YKa3aHHOT'O B YKa3aHHOTO B
H=¢€ f(z—ct) . Moxasars, uto npu|3amuckiBact YCJIOBUH 3a]1a4H. YCIJIOBUHM 33]1a4H.
- Makcgemnna 3anuchIBacT 3anmceIBaeT
p=0 u ]=0 st0 mome sBusercs
IIpoBogur Makcsemna Makcsemnna
pellenneM ypapHennit Makcseiuna. MaTEMaTUYECKHE ITpoBomur He ¢ nepsoii
Hpusectu HPUMEPDI HOJICH | grigpicITeHus. MaTEMAaTUYECKHUE TIOTIBITKH TTPOBOJAUT
E=€f(z—-ct) u H= é’y f(z—ct) u|Crpout rpaduku BBIYHCIICHUS. MaTeMaTHYCCKUe
3aBHCUMOCTY B BBIYMCIICHUSL.
nocrpouts ux B MATLAB. MATLAB

Cnocod arrecTtanmuMM: yCTHBI, NMUCBMEHHBIA (€CAM €CTh paboTa Ha MK, TO

HaBEPHOE HE TOJILKO MUChMEHHBIN, HO U paboTarolias mporpamma?)

V. YueOHO-MeTOAMYECKOE U MH(OPMAIITUOHHOE OOecTniedeHne JUCIUITUHbI

1) Pexomennyemas nuteparypa

a) OCHOBHAas JIUTEpaTypa
1. Jlanpmay JI.JI. Teopernueckas ¢usuka: ydeOHOE MOocoOue Ijisi CTYyACHTOB (u3.
crennanbHocTe YH-TOB. T. 2: Teopus nons / JI.JI. Jlannay, E.M. JIudmmu; ITox pen.
JI. I1. [TutaeBckoro. — 8-¢ u31.; crep. — M.: @usmatiurt, 2001. — 530 c.
2. Jlanpay JI.JI. Teopetndeckas ¢uszuka : yueOHOE MocoOue s CTYACHTOB (u3.
cnenuanbHocTel yH-ToB. T. 8: DnexkrpoamnHamuka cruiomHeix cpen / JILI. Jlangay,
EM. JIudmmi; [ox pexn. JLII. [Turaesckoro. — 4-e uzn.; crep. — M.: @uzmartnut, 2003,
2005. —651 c.
3. bareirun B.B. COopHHK 3a7a4 MO 3JIEKTPOJAMHAMHUKE U CHEHAIbHOU TEOpHH
otHocutenbHocty / B.B. bateirun, M.H. Tonteirun; — 4-e m3a. — CII6.: Jlans, 2010.
— 480 C. — [OnexkTpoHHBII  pecypc]. —  Pexum  nocrymna:

http://e.lanbook.com/books/element.php?pll cid=25&pll id=544

4, bareirun  B.B. COopHuk 3amad 1o 3JIEKTpOJMHAMHKE: [/Uisi By30B] /
B.B. bateirun, U.H. Tonteirun; Ilox pen. M.M. bpenoBa. — 2-¢ u3a., ucnp. U 0.
— M.: Hayxka, 1970. - 503 c.

0) ToTOTHUTENBHAS JIUTEpATypa
1. @anpkoBckuii O.M. TexHuueckas 3JEKTpOAMHAMUKA [DJIEKTPOHHBIA pecypc]:

yue6. — Cankr-Ilerepoypr: Jlanp, 2009. — 432 c¢. — Pexum nocryma:


http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=544

https://e.lanbook.com/book/403.

2. bpenos M.M. Kiaccudeckas aiekTpoauHaMMKa: ydyeOHoe mocobue /

M.M. bpenos, B.B. Pymsnues, M.H. Tonteirun. — Canxkt-IlerepOypr: Jlans, 2003.

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

3. bynanoB A.B. OCHOBBI 31E€KTpOJAMHAMUKH: yueOHOE mocobue. — Boponex:

BI'YUT, 2010. - 183 c¢. — [OnekTpoHHBI  pecypc]. —  Pexum

nocryma: http://biblioclub.ru/index.php?page=book&id=141645

4, Kpamm M.H. COopHUK 337a4 IO OCHOBAM JIEKTPOJMHAMUKH: YU4EOHOE MOCOOHE.

— Cankr-IletepOypr: Jlanb, 2011. — 256 c. — [DnexTpoHHbIN pecypc]. — Pexum

noctymna: https://e.lanbook.com/book/1541.

S. ['mnpnenOypr B.b. COopHUK 3a7a4 1O 3JEKTPOJMHAMUKE: Yy4eOHOE TocoOue s

CTYJEHTOB BYy30B, oOOydamomuxcs 10 (u3. HANpaBICHUSIM U CIEUUAIBHOCTIM /

B.b. I'mnpaen0ypr, M.A. Mumnep. — Uzn. 2-e; non. — M.: ®usmatnur, 2001. — 162 c.

6. JlotoB K.B. ®u3uka CrulomHbIX cpef : yueOHOoe mocodue sl CTyJAEHTOB YH-TOB /

K.B. JlotoB. — Mockga; xxeBck: TH-T kKoMIbIOTEpHBIX uccaenoBanuid, 2002. — 144 c.
2) [IporpamMHOe obecrieueHue

a) cB0OOHO pacnpocTtpanstoueecs 110

- Google Chrome — 6ecmutatao

- Microsoft Express Studio 4 — 6ecraTHO

- MiKTeX 2.9 — GecruiaTHO

- MPICH 64-bit — 6ecritaTHO

- MSXML 4.0 SP2 Parser and SDK — 6ecrmatHO

- Adobe Acrobat Reader DC - 6ecrmatHO

- Java SE Development Kit 8 Update 45 (64-bit) - 6ecruratno

- Lazarus 1.4.0 - 6ecmiatHo

- Lego MINDSTORM EV3 - 6ecrinatHO

0) nmuuensuonnoe 10

- Kaspersky Endpoint Security 10 s Windows — Akt Ha nepeaady npaB Ne2129 ot 25

okTs0pst 2016 1.

- MS Office 365 pro plus - Akt npuema-nepeaaun Ne 369 ot 21 uross 2017


https://e.lanbook.com/book/403
https://e.lanbook.com/book/606
http://biblioclub.ru/index.php?page=book&id=141645

- Microsoft Windows 10 Enterprise - Akt npuema-riepenaun Ne 369 ot 21 uroins 2017
- Cadence SPB/OrCAD 16.6 - TocymapcTBeHHBbI KOHTPAaKT Ha IOCTaBKY
JUIEH3UOHHBIX MporpaMMHBbIX poaykToB 103 - ['K/09 ot 15.06.2009
Google Chrome - 6ecrutatho
- Mathcad 15 M010 - Akt npenoctasnenus mpas 1C00000027 ot 16.09.2011
- MATLAB R2012b - Akt npenocraBnenus npas Ne Us000311 ot 25.09.2012

3) CoBpemenHble mpodecCHOHAbHBIC 0a3bl JaHHBIX W HH(POPMAIMOHHBIC
CTIPAaBOYHBIC CHCTEMBI

1. SBC«ZNANIUM.COM» www.znanium.com;

2. OBC «YHuBepcureTckas oudmuoreka onnain» https://biblioclub.ru/;

3. OBC «Jlanb» http://e.lanbook.com

4) TIlepeueHb pecypcoB HH(POPMAIMOHHO-TEIEKOMMYHUKAIIMOHHON  CETH
«HTEpHET», HEOOXOUMBIX JUISI OCBOSHUS TUCIIUILITHBI

1. Caitr u3natensckoro qoma FOPAMT: http://www.biblio-online.ru/

VI. Meroauueckue Marepuagbl sl 00Oy4alUIUXCSI 1O OCBOEHHIO
AUCIHUTIIIMHBI
1. TEKYIIU KOHTPOJIb YCIIEBAEMOCTH
Monyns 1: pasmensl 3amanuii — 1, 2, 3,4, 5
Monyns 2: paznenst 3agaanii — 6, 7, 8, 9, 10
Monyns 3: paznmensl 3amanmii — 11, 12, 13, 14, 15, 16
Monyns 4: pasnenst 3agaanii — 17, 18, 19.20, 21, 22, 23, 24

Bonpocsl TpoOMeEXYTOYHOU aTTECTAIINHA

[IpeaMeT 31eKTPOANHAMHUKHY.
CkopocThb pacnpocTpaHeHus B3aumoaeicTeuii. MaTepan. CoOCTBEHHOE BpeMsI.

[IpeobpazoBanue Jlopenia.

1
2
3
4, YeTrblpexMepHbIe BEKTOPBI. YeTblpexMepHasi CKOPOCTh U YCKOPEHHE.
3) [IpyHIMIT HAUMEHBIIETO AEHCTBUA. DHEPIUS U UMITYJIbC.

6

[IpeobpazoBanue GyHKIMU pacpeIeIICHHUS.


http://www.znanium.com/
http://www.biblio-online.ru/

10.
11.
12.
13.
14.
15.
16.

Pacniag wactun. UHBapuaHTHOE CEUYEHHE.

Yrpyrue CTOJIKHOBEHHS YaCTHL.

MoMEeHT nmnybca.

DeMEeHTapHbIE YACTULIBI B TEOPUU OTHOCUTEIBHOCTH.

YeTplpeXMEpHBIM TOTEHIUAI ITOJIS. Y PAaBHEHUE IBUKEHUS 3aps/a B MOJIE.
Kanmn6GpoBoyHass ”HBApUAHTHOCTD.

[TocTOsSIHHOE 3JEKTPOMAarHUTHOE TOJIE.

JIBUkEeHHE B MOCTOSIHHOM OJTHOPOAHOM 3JIEKTPUUYECKOM ITOJIE.

JIBr>KeHUE B MOCTOSSHHOM OJHOPOJHOM MAarHUTHOM MOJIE.

HBI/I)KCHHC 3apiaaa B IIOCTOAHHBIX OJHOPOJHBIX JJICKTPHYCCKUX M MAIHUTHBIX

IIOJIAX.

17.
18.
19.
20.
21.
22.
OJIS.
23.
24,
25.
26.
217,
28.
29.
30.
31.
32.
33.
34.

TeH30p 27EKTPOMAarHUTHOIO I1OJIA.

[IpeobpazoBanus Jlopenua s moisi. THBapuaHThI MOJIS.

[lepBas napa ypaBHeHur MakcBeia. JIedcTBHE I DJIEKTPOMATHATHOTO MOJIA.
YeTblpeXMEpHBIN BEKTOP TOKA. Y PaBHEHHUE HENIPEPHIBHOCTH.

Bropas napa ypaBHennit Makcgesuia. [I10OTHOCTh U MOTOK SHEPrUH.

T€H30p OHCPIrUun-uMIIYyJbCa. T€H30p OHCPIUK- HUMIIYJIbCa JJICKTPOMAI'HUTHOI'O

Teopema Bupnanna. TeH30p SHEPTUU-UMITYJIbCA MAKPOCKONTMYECKUX TEIL.
3akoH Kynona. DnekTpocratudeckasi 3HEprust 3apsaoB.

[Tone paBHOMEpPHO ABMXKYIIErocs 3apsiaa. JBUkeHrue B KyJJOHOBCKOM TOJIE.
JUnoabpHBIN MOMEHT. MyJIbTUIIONBHBIE MOMEHTHI.

Cucrema 3apsiIoB BO BHEILIHEM MOJIE.

[ToctostHHOE MarHuTHOE noJie. MarHuTHBIA MOMEHT. Teopema Jlapmopa.
BosHoBoe ypaBHeHnue. [Liockne BOIHBI.

MoHoxpomMatrueckas miaockast BojiHa. CIeKTpaJIbHOE pa3JIOKEHUE.
YacTuyHO MOJISIPU30BAHHBINA CBET. Pa3I0)KeHUE 3IIEKTPOCTATUYECKOTO TTOJIA.
CoOcTBeHHBIE KOJICOAHUS TTOJISL.

I'eomeTpuueckas ontuka. UTHTEHCUBHOCTS.

YTJ10BOUW SUKOHAJI.



35. Tonkue myuku gydeil. OToOpakeHHE HIMPOKUMH IMyukamu Jydend. [lpenens
r€OMETPUYECKOMN ONTUKH.

36. Hudpakums. Judpaxaus Openens. Audpakuus Opayurodepa.

37. 3amaszapiBaromue noteHuuansl. [lorennuanst Jluenapa-Buxepra.

38. CrhekTpanbHOE pa3lioKeHHE 3ara3/IbIBAIONINX TOTEHIIMAIOB.

39. @yukuus Jlarpamxka ¢ TOUHOCTBIO 10 YJIEHOB BTOPOTO MOPSIIKA.

40. Ilone cucTeMbl 3apsiI0B HA JATEKUX PACCTOSHUSX.

41. JunonwsHOe m3nyudeHue. [unoapHOE M3TydeHUEe IpU CTOTKHOBEHUSX.

42. Topmo3HOE U3TyueHUE MaJIbIX YacTOT.

43. W3nydeHue npu KyJIOHOBCKOM B3aUMOJICHCTBUU.

44, KBaapynojpHOE U MAarHUTO-AHUIIOJIBbHOE U3ITyYEHUSI.

45. Ilone mznyuyeHus Ha ONM3KUX PACCTOSAHUAX. M3mydeHHe OBICTPO ABMKYIIETOCS
3apsna.

46. Marauto-TopMO3HOE H3ITyUCHHE.

47. TopMmoxkeHue wuznyuyeHueM. TOpMOXKEHHE H3IYyYEeHHUEM B PEISITUBUCTCKOM
ciIyyae.

48. CnexTpajbHOE Pa3JI0KEHHUE U3ITyUEHUS B YIbTPAPEISITUBUCTCKOM CIIydae.

49. Paccesnune cBOOOAHBIMHU 3apsimaMu. PaccessHMe BOJH C MalbiIMH YacTOTaMH.
Paccesinie BOJIH ¢ OONBIIMMH YaCTOTaMHU.

50. DruekTpocTaTHUecKOe I0Jie MPOBOJAHUKOB. DHEPTHUS JIEKTPOCTATUYECKOTO MOJIs
MIPOBOJHHKOB.

51. Meromasl penieHus IEKTPOCTATHIECKUX 3a1ad.

52. Cuna, nefcTBytolas Ha MMPOBOJTHUK.

53. DruexkTpocTaTHYecKoe MOJe B AUIICKTPUKAX.

54.  JlusnexTpuueckas MPOHULAEMOCTb. JIU3aeKTpruueckasi IPOHULAEMOCTh CMECH.
55.  Cua, neficTByroIIas Ha TUAJIEKTPUK.

56. TepMoanmHaMHUYECKHWE COOTHOIIEHUS IS TUIIEKTPUKOB B AJICKTPUUECKOM TIOJIE.
[Tonnast cBOOOAHAS SHEPTUS AUDIEKTPUUECKOTO Tea.

57. DNeKTpPOCTPUKIMS  HM3OTPOMHBIX  IUANEKTPUKOB.  [Ibe3onnekTpuku U

CCIHCTORJICKTPUKH.



58.

[InoTHOCTH TOKA M IMPpOBOANMOCTbD.

59.  Dddexr Xomna.

60. KonTakTHast pa3HOCTb MOTEHIMANIOB. ["allbBaHNMYECKUI dIIeMeH

61. TepmosnekTpuyeckue siBlieHUs. TepMoraabBaHOMAarHUTHBIC SBJICHHUS.

62. IlocrossHHOE MarHUTHOE MoJie. MarHuTHOE 1M0JIe TOCTOSTHHBIX TOKOB.

63. TepMonuHaMUYecKHE COOTHOIICHHUS B MarHuTHoMm tione. [lonmHast sHeprus
MarHeTHKa.

64. DOHeprus CUCTEMBI TOKOB.

65. CamoMHAYKIIMS JIMHEUHBIX POBOHUKOB.

66. Cuibl B MArHUTHOM II0JI€.

67. I'poMarHUTHBIE SIBICHHUS.

68. MarnuTHas CHMMETPUS KPUCTAJIOB.

69. depomarneruk BOMM3U TOUKH Kropwu.

70.  AntudeppomarHeTuk BO6IM3M Touku Kropw.

/1. MarHuTHbI€ CBOIICTBA CBEPXIPOBOIHUKOB.

72.  CBepXmpOBOJIAIINI TOK.

73. Kpuruueckoe mnose.

74. TIpomexyTOUYHOE COCTOSIHUE U €ro CTPYKTYpa.

/5. YpaBHEHHE KBa3HCTALIMOHAPHOTO MOJIS.

76. ['myOmHa MPOHUKHOBEHHUS MAarHUTHOTO TMOJISI B MPOBOAHUK. CKUH-2(D(EKT.

/7. KowmmiekcHoe conpoTuBiieHne. EMKOCTB B LIeNK KBa3UCTALIMOHAPHOTO TOKA.
78. JIBm>keHHEe MPOBOJHHKA B MAarHUTHOM I10Jie. Bo30yKneHne Toka yCKOPEHUEM.
79. VYpaBHeHHE IBMKXEHUS KUJIKOCTH B MAarHUTHOM ITOJIE.

80. JluccumaTuBHBIE MPOLIECCHl B MATHUTHON TUIPOIMHAMHUKE.

81. VYpaBHeHus Mo B JUDJIEKTPUKAX B OTCYTCTBUE AUCTIEPCHUH.

82. [Hucnepcus JIADIICKTPUYECKON NPOHULIAEMOCTH. JndnexTpuyeckas
MPOHUIIAEMOCTh TIPHU OYEHBb OOJIBIIINUX YACTOTAX.

83. Jlucmepcus MarHUTHOM IMPOHUIIAEMOCTH.

84. Dwueprus nois B AUCHEPrUPYIOMIUX CPeIax.

85. AHaTtminyeckue CBOWCTBA (PYHKITUH .



86. Ilnmockas  moHoXxpoMarudeckas  BomHa. Teopema  Kpamepca—Kponwra.
[Tpo3padnbie cpesl.

87. T'eomerpuueckas ontuka. OTpakxeHUE U MPETOMIICHHE BOJH.

88. IloBepXHOCTHBIN UMITEAHC METAJIIIOB.

89. PacmpocTtpaHenue BOJH B HEOJHOPOAHOM cpeae. [IpuHIum B3auMHOCTH.
90. DnexTpoMarHWTHBIC KOJICOAHUS BOJH B TIOJBIX PE30HATOPAX.

91. PacmpocTpaHeHue 3JIEKTPOMAarHUTHBIX BOJH B BOJTHOBOJAX.

92. PaccesiHue U TOTJIOMIEHNE AIEKTPOMATHUTHBIX BOJTH Ha MAJIBIX YaCTHUIIAX.
93. Jludpakius Ha KIMHE U TIJIOCKOM DKpaHe.

94. JlupnexTpuyeckas MPOHUIIAEMOCTb KPUCTAIUIOB.

95. Ilmockas BojHA B aHU3OTPOITHOM Cpeie.

96. Omnruueckue CBOMCTBA OJHOOCHBIX KpucTaioB. Dddekt Keppa.

97. JIByocHBIE KPUCTAJIIHI.

98. Marnuroontuieckue 3QPeKTHI.

99. [IlpocTtpaHcTBeHHAas! AUCTIEPCHUS.

100. EcrecTBeHHas ONTHYECKAs aKTHBHOCT.

101. IIpoctpaHCTBEHHAs TUCIIEPCHUS B OTIMYECKU HEAKTUBHBIX CpeJax.

102. TIpoctpaHCTBEHHAsI TUCTICPCUS BOJIU3H JTUHUU TIOTJIOMICHUS.

103. HenuneitHoe B3aMOeICTBIE BOJIH.

104. TIpeoOpa3zoBaHu€ YACTOT B HEIMHEHWHBIX Cpeax.

105. Henunelinas MpOHUIIAEMOCTb.

106. HonuzanmoHHbIE MOTEPU OBICTPHIX YACTHUIL B BEIIECTBE.

107. Wznyyenue YepeHkona.

108. IlpuHun neTadbHOTO PAaBHOBECHS MPH PACCESTHUH.

109. PaccesiHue ¢ MaibIM HW3MEHEHUEM YacTOThl. PelieeBckoe paccesiHue B rasax u
KHUIKOCTSX.

110. Hudpakuus peHTT€HOBCKUX JIy4eil B KpUCTaJIaX.

SAJIAYN:

1.1. Haiitu npoussoanyio ckansproro noist U =In(xy+ xz+ yz) B Touxke Mq(0,11) o



HAINpaBJICHUIO OKPY)KHOCTH: X =CO0St, y=sSint, z=1 B HanpaBieHUH BO3pacTaHus t .

1.2. Hanitn HaIlpaBJICHUC W BCINYHUHY HauOOJBIIETO M3MCHCHUS CKAJLIPHOTO II0JIA

2

U =xy? + yz2 + 2x* B touke Mg(L2,-1)

1.3. Jloka3ats, uto ecnu g; = Tj bk B kaxkmoil cucreme koopaunar, rae T, — Tensop |l
paHra, a b, — BEKTOp, TO 8; — TOKE BEKTOP.

1.4. Jloka3zaTe paBeHCTBO €ik|€mn = Simkn — Oinkm-

1.5. Jloka3aTh paBEHCTBO

eikimeimrs ABkCr Ds = 2(AD; (BkCi ) — 2(A C; By Dy )-

2.1. Ha miockyro NOBEPXHOCTh CTOJIa HOJ YIJOM ¢ NaJaeT MNapajlyiesbHbII ITy4OK
COJIHEYHBIX Jiyded. IlepneHIuKyIsIpHO CTOIYy IEpEeMEIIaeTCs €O CKOPOCTBIO V
Kapanjaam (BAoJb cBoel juinHbI). KakoBa cKOpocTh TeHM Kapanjama? MoseT i oHa

OBITH OOJIBIIIE CKOPOCTHU CBETA?

2.2. Ha nmoxomoTHBE MO€3[a COOCTBEHHOW MJIMHBI |, BCIBIXMBAET MpoxKeKTop. KTo

MEPBBIM YBUIUT BCIIBIIIKY: MACCAXUP B MOCIEAHEM BaroHe WM HaAOIIOIaTeNbh Ha
MoJoTHE »kene3Hor goporu? Ckopocth moesna Vv . IlpoxxekTop 3axkercss Torna (B
CUCTEME T0e3/1a), Korja 00a Habro1aTessi TOPaBHSIIUCH.

2.3. Kocmuueckuii kopaOib JETUT cO CKOpocThio V . Ha ero mytu mnosBasiercs
actepous. C Kopabiis TMOCBUIAIOT SJEKTPOMATHUTHBIA CUTHAJI K acTepoOuay B TOT
MOMEHT (10 4yacaM KopaOJisi), Korja paccTOsIHUE MEXKIy HUMHU paBHO | (B cucreme
oTrcueTa KopaOmsi). CUTHam OTpa)kaeTcsi OT acTepoH]ia M MPUHHUMAETCS JIOKATOPOM
Kopabuia. UToObl MPUHATH MEPBI MPEAOCTOPOKHOCTH, IKUIAKY HEOOXOAUMO BpEMS 7

o KopabenbHbIM yacaMm. Kakum H0KHO OBITH paccTosiHue |, 4TOObI HE MPOU3OIILIO0

CTOJIKHOBEHHE?
2.4. WuBapuanTHa 5 BenmuuHa S° =c’At’-Ax*? (Bmech S — Tak Ha3bIBa€MBIid
UHTEPBAI MEXAy J[ABYMS COOBITHSAMH, pa3[ACIIEHHBIMH pPAacCTOSHHEM AX , W

MIPOMEKYTKOM BpeMeHu At.) [Ipumenuts meTon nmpeodpazoBanuii Jlopenria.

2.5. JIBa yenoBeka YNTAIOT OJJUHAKOBBIC KHUTH C PABHOW CKOPOCTHIO UTCHHUS: OJIUH — B
2 )
1oe3zie, ABMXKYLIEMCS CO CKOPOCTBIO V (IycTh (v/c) =0,75), Apyroil — Ha IEeppoOHE

cTaHiuu A . UTeHue OHM Hayald OJHOBPEMEHHO B CHUTYyalluW, KOrJa eayIui



MOPABHSICS C TEM YEJIOBEKOM, KOTOPBIA CHUAUT Ha meppoHe. YenoBek Ha CTaHIUU A
3aKOHYWJI YTEHUE BCeW KHUTU B MOMEHT BPEMEHHU, COOTBETCTBYIOIINHA IPUXOTy TI0€3/1a
(o pacnucaHuIO) Ha CIEIYIONIYIO cTaHIMIO B. A denoBek B noe3ae? Kakos oTBeT, eciiu
paccykJaTh a) B CUCTEME OTCUeTa CTaHIIMU A 0) B cUCTeMe oTcueTa noe3zaa?

3.1. Jlokaxkute, YTO i1 PEIITHBUCTCKOW YACTHMIIBI BeIMuuHa E*-— p’c’ sBIsAETCS

HHBapHaHTHOﬁ, T.C. UMCCT OJJHO M TO K€ 3HAUYCHHC BO BCCX HMHCPHHUAJIBHBIX CHCTCMAaxX

OTCUYCTA.

T(T +2mc2)
32 I[OK&)KI/ITG, qTo BI)Ipa}KeHI/IG peJIHTI/IBI/ICTCKOI‘O I/IMHy.TII)C& p= HpI/I
C

HEOOJIBIIIUX ~ CKOPOCTSIX V<<C TIEPEXOJUT B COOTBETCTBYIOLIEE BBIPAKECHUE
KJIACCUYECKON MEXAHUKH.

3.3. Haiitu koHeuHyro »Hepruto ¢orona mpu Komnron-addexre. Jns kakoro
U3ITy4eHHs] HanboJsiee XxapakTepHO U3MEHEHHUE JJIUH BOJH?

3.4. Kakyto MUHUMaJIbHYIO (ITOPOTOBYIO) SHEPIHUI0 HEOOXOJAMMO COOOIIUTH MPOTOHY,
yTOOBI TpU OOMOApAMpPOBKE HEMOJBIKHOW MMIIEHH oOOpa3oBajgach MPOTOH-

aHTHIPOTOHHAs Tapa. DHEPTHI0 MOKOs MPOTOHa M ¢’ NPUHATH W3BECTHOW M PaBHOM

0,938 I'3B.
4.1. Jloka3zarts, 4To 3ara3abIBaroIIne AJIEKTPOMArHUTHbBIE MOTCHIIUAJIbI
(= Jrr] _frer
jlrit——-— plrit=" 7
— 1 —
A(r,t)== dv rt)= dv JOBJICTBOPSIOT CJIOBHIO
(ry=_]J e o(r,t)=| e y p y

. 10
Jlopenua d|vA+—E(p:O. [Ipeanonaraercsi, 4To HaMUCaHHBIE OOBEKTHBIE WHTETrPAJIbI
c

CXOIATCH.
4.2. B mnokosmiencss CUCTEME OTCYETa HaNpsHKEHHOCTM E W H  OJHOPOAHOTO
AJIEKTPOMArHUTHOTO TIOJS 3adaHbl, mpudyeM EH>0 . Omnpenenutrh CKOPOCTH TeX
MHEPUUAIBHBIX CHCTEM KOOpPJAMHAT, B KOTOPBIX BEKTOPHI BJEKTPUUECKOTO U
MarHuTHOTO TIOJIEW MapalJICIIbHBI.

4.3. Omnpenenuth pEISITUBUCTCKOE IBHKEHHUE 3aps/ia B MApPAJUIEIbHBIX OJHOPOIHBIX

QJICKTPHUYICCKOM M MAIrHUTHOM IIOJIAX.



4.4. Yactuma ¢ 3apsajoM € W MacCcoil m JABMIKETCSA C IMPOM3BOJIBHOM CKOPOCTHIO B
OJIHOPOJHOM TIOCTOSTHHOM 3JIEKTPUYECKOM Iojie E. B HadalbHBIE MOMEHT BpeMEHU

t=0 yacTHIla HAXOJUTCS B Hayajie KOOpAMHAT W HMMCECT HUMIIYJILC P, . OHpeI[CJ'H/ITB

TpeXMepHbIE KOOPAMHATHI M BpeMs t YacTHIIbI B 1a00OpaTOpHOIl cucteme, B (yHKIIUU €€
COOCTBEHHOTO0 BpeMeHHU 7 . VICKIIOUMB 7 , MPEACTaBUTh TPEXMEPHBIE KOOPIMHATHI
YaCTHUIIBI B 3aBUCUMOCTH OT t.

4.5. PensTUBHUCTCKAas 4YacTHLA C 3apAlOM € M Maccold M JBHXKETCS B OAHOPOJIHOM
IIOCTOSSHHOM MAarHUTHOM Iojie H . B HayanapHbII MOMEHT BpeMeHu t=0 yactuna

HaxXOJIUTCA B TOUKE C pailyC BEKTOPOM I, 00J1agas

5.1. Haiitu 3akoH npeoOpa3oBaHus IVIOTHOCTH SHEPTHUH, TUIOTHOCTH MMOTOKA 3HEPTUH U
KOMIIOHEHT TE€H30pa HalpsKeHUl npu npeodpazoBaHuu JlopeHna.
5.2. B numuHApUYECKUX KOOpPAMHATAaX KOMIIOHEHTbI BEKTOpa HAIpPsHKEHHOCTH

MarHUTHOTO TI0JI1 B CBOOOZHOM IMPOCTPAaHCTBE UMEIOT BUI H, =H, =0, H,=H (r,t), Tme

byHkuus H(r,t) ¥ ee NpOU3BOJHbIE OrpaHUYEeHbl. ONPENEIUTh BEKTOP HAMPSKEHHOCTH

E BHUXPEBOTO JICKTPUUYECKOTO MOJIsI, UHAYLUUPOBAHHOTO JJAHHBIM MATHUTHBIM.

5.3. BHYTpH TOHKOM MPOBOJAIICH O0OJOYKH paauyca b HaXOoAWTCs KOAKCHAJBbHBIA C
HEW mpoBoja paauyca a . Ilo 3TuM mpoBOJaM TEKYT NMOCTOSIHHBIE TOKHA OJWHAKOBOU
BEJIMYMHBI J B MPOTHBOMOJIOKHBIX HampaBieHusX. OnpenenuT MarHUTHOE mojie H,
CO3/1aBaEMOE TAaKOW CHCTEMOM BO BCEX TOUKAX MPOCTPAHCTBA.

5.4. HailTu >1€KTPOMAarHUTHOE TMOJIE PABHOMEPHO [BHXKYILIErOCS CO CKOPOCThIO V

TOYEYHOTO 3apsjia ¢, pemas ypaBHeHrne Makcpenia MeTo oM rpeodpazoBanus Oypre.

5.5. Halth mNIOTHOCTH TOKA CMENIEHUS j, B IUIOCKOM KOHJEHCATOPE, IJIACTUHBI

cMm

KOTOPOI'O PAa3IBUTAKOTCA CO CKOPOCTBIO U, OCTABasCh MapaJICIBHBIMU APYT APYTY,
ecnu 1) 3apsiabl Q HA TUIACTHMHAX OCTAKOTCSI TOCTOSIHHBIMU; 2) Pa3HOCTh MOTEHIMAJIOB
U MexIy IUIaCTUHAMHM OCTaeTCsl MOCTOSIHHOM, paccTosHUE d MeXAy IUIACTUHAMU
KOHJIEHCATOpa OCTAeTCsA BCE BPEMsS MAJIbIM 110 CPABHEHUIO C JMHEWHBIMHM pa3sMepamu
MJIaCTUH; 3) KaK HM3MEHUTCS pe3yJbTaT, €CIM IUJIACTUHBI OyIyT CONMXKATbCs, a He

pa3aABUIaTbCs.



6.1. OnpenenuTs MarHUTHOE MOJ€ H B LWIMHIPUYECKOM MOJOCTH, BBIPE3aHHOM B
OECKOHEUYHOM [UIMHHOM LWIMHIPUYECKOM NpPOBOJHHMKE. Pamumyckl momoctu u
MPOBOJHHMKA COOTBETCTBEHHO PAaBHBI a U b, pacCTOSHHE MEXAY HX MapalljieIbHbIMU
ocsimu d (b>a+d). Tok J pacmpenerneH paBHOMEPHO 110 CEYCHUIO.

6.2. HaiiTu MarHUTHBIM MOMEHT OZHOPOJIHOTO mapa (cdepsl), BpaIaroIerocs BOKPYT
OJTHOT'O U3 CBOUX JUAMETPOB C YIJIOBOM CKOPOCTBIO W . 3apsn mapa — Q, paguyc — a.
6.3. Haiitn monme Ha ocM M B ULEHTPE KPYroBOrO BUTKa paaumyca & ¢ TOKOM J .
Hcnonp3ys MoMydeHHBIH pe3ynpTaT, HaWTH 1) mojie HAa OCH KpPYTJIOro COJIEHOWJAa B
TOYKEe, H3 KOTOPOM €ero Kpas BHUIHBI TMOA yrlaMu o, U a,
2) mone Ha KOHIE MOJIYyOECKOHEUHOTO COJIEHOWJA; 3) Moje BHYTPU OECKOHEHYHOIO
cojieHou1a. Ynciio BUTKOB Ha €AMHMUILY JJIUHBI COJIEHOUa — N .

6.4. Cdepa paguyca R 3apspkeHa MO MOBEPXHOCTH IO 3aKOHY o = o, cosd . Hailtu ¢

TOJISI, UCTIONB3YS PA3NOKEHUE IO MYJIBTUIIONAM B CPEPUUECKUX KOOPIUHATAX.
6.5. Hcnone3ysa Teopemy l'aycca, HaliTH IOJ€ PAaBHOMEPHO 3apSKEHHOIO IIapuKa

paauyca a 00beMHOM MIOTHOCTHIO p .

6.6. HaiiTu moTeHUuall ¢ W HAINPSIKEHHOCTh E 3JIEKTPUYECKOTO MOJISi PaBHOMEPHO

3apsHKEHHOTO MPSIMOJIMHEMHOTO OTpe3Ka JIJTMHON 2a , 3aHUMAIOIIEeT0 YacTh OCH Z OT —a

10 +a, 3apsig OTpe3Ka (.

7.1. Kak Wu3BECTHO, »JJEKTPOMArHUTHOE TI0JIE MOXKHO TMPEJACTaBUTh B BHJE

CYyNEepHO3ULINM TUIOCKUX TMOMEPEYHbIX TAapMOHUK. B MPOU3BOJIbHBIA MOMEHT BPEMEHU
+00

mojiec  omMchiBaeTcs pasnoxkenuneM @Dyppe E(X,t) = JEO(k)ei(kx_a)t)dk , Tme
—00

dk =dkydkydk, . Haiitu koappuument @ypve Eg(k) npu yenosun, uro

X2

.2
E(x,0)0=e & | a=const.
7.2.  JJaH  BEKTOpPHBI MOTEHUMAT IUJIOCKOW  MOHOXPOMATHYECKOW  BOJIHBI

X

a2
A=Re{A. “}, rme A, — TOCTOSHHBIA KOMIUIEKCHBIM BeKTOp. IloNyuuTh CBSA3b



MCXKAY HAIPsSIKCHHOCTAMHU JJICKTPUYCCKOIO MW MArHMTHOTO nojaen u BCKTOPHBIM
MMOTCHIUAJIOM.

7.3. Beruucaute BekTOop IloMHTHHra S M MMIyJIbC g IUIOCKOM MOHOXPOMAaTHYECKOU

3JIEKTPOMArHUTHON BOJIHBI.
7.4. Pa3ioxXuUTh NMPOM3BOJIbHBIN YACTUYHO MOJSIPU30BAHHBIN CBET HA «ECTECTBEHHYIO» U
«TOJISIPU30BAHHYIO» YaCTH.
7.5. JIB€ TJIOCKME€ MOHOXPOMATHUYECKHE JIMHEWHO IMOJIIPU30BAHHBIE BOJIHBI OJIHOM
4aCcTOTHI PACIPOCTPAHSAIOTCS BIOJb ocu Z . [lepBas BoHA MOJISIpU30BaHa MO X UM UMEET

aMILTUTYAy @, BTOpas MOJsAPU30BaHa 1o Y, IMeeT aMIUTUTYAy b u omepekaeT mepByro
no ¢aze y . Haiftu nosspuzanuio pe3yabTUPYIOIIEH BOTHBI.

8.1. Ompenenuts (POKYCHOE paACCTOSHUE JJII OTOOpPaKEHUS C TIOMOIIBIO JIBYX
aKCUAJIbHO-CUMMETPUYHBIX OINTHYECKUX CHUCTEM C COBHAAAIOIIMMH ONTHYECKUMHU
OCSIMH.

8.2. Omnpenenuth (POKYyCHOE pACCTOSIHUE «MArHUTHOW JIUH3BDY JUIS 3apsSKEHHBIX
YaCTHlI, MPEJICTABIISAIONIEH cCOO0M MPO0IPHOE OJJHOPOAHOE MAarHUTHOE TOJIE B yUaCTKE
mmabl |. (Peub MOXXKET WATH O TMOJ€ B JJIMHHOM COJICHOWJIC NMPH IPECHEOPEIKCHUH
MCKKEHHEM OJTHOPOJAHOCTH TOJIsSl BOJIM3HU KOHIIOB COJICHOM 1)

8.3. Ompenenuts audpakiuo PpayHrodepa Npu HOPMAIBLHOM MAJCHUM TIIIOCKOMN
BOJIHBI Ha OECKOHEYHYIO IIeJIb MMUPUHBI 2a C MapajyIeIbHBIMUA KpasMH, MPOPE3aHHYIO
B HEMPO3PAYHOM SKpAHE.

8.4. Onpenenuth pacnpeecHUe WHTCHCUBHOCTH TI0 HANPABJICHHUSIM TIPH TUDPAKITHH
CBETa, MA/IAIONIET0 B HOPMAJIIbHOM HAIPaBJIECHUU HA KPYTJI0€ OTBEPCTUE paanyca a .

8.5. Pa3znoxxuTh noJjie paBHOMEPHO U MPSAMOJMHEWHO ABWXKYILIETOCS 3apsia Ha MIOCKUE
BOJIHBI.

9.1. Tlonmyuutp mnotennmansl Jluenapa—Buxepra wu3 oO0mux Qopmyn s
3ama3/IbIBAOIIUX MOTCHI[UAJIOB.

9.2. 3apsn e ABUKETCS ¢ MajJOl CKOPOCThIO V M YCKOPEHHEM W B OTPAaHUYCHHOU
obnactu. HaitfTu npuOIMKeHHbIC BBIpAXEHUS JJICKTPOMArHUTHOrO mojs E , H

JacTHUlbl B TOYKAaX, PACCTOAHHC I JO KOTOPBIX OT YAaCTHIIbI BECJIWMKO IIO CPABHCHHIO C



pasmepaMu  00JacTH  JABMXKEHMsI 3apsfa. OmnpenenuTrb MOJIOKEHUE TpaHULb
KBa3UCTAaLlMOHAPHOU U BOJIHOBOM 30H.

9.3. Onpexnenuth (C TOYHOCTHIO JO YJEHOB BTOPOrO IMOpPSAKA) LEHTP WHEPLHHU
CUCTEMBI B3aMMOJICHCTBYIOIIMX YACTHII.

9.4. Pa3noXuTh MoJIe paBHOMEPHO W MPSIMOJMHENHO IBHXYIIErocs 3apsjaa Ha
IJIOCKUE BOJIHBI.

9.5. Hanucatp ¢yHkuuio I'aMuibTOHAa BO BTOPOM NPUOIMKEHUM JJIS CUCTEMBI U3
JABYX YaCTHIl, UCKIIIOUHUB U3 HEE JBUKEHUE CUCTEMBI KaK IIeJIOTO0.

10.1. HOKaBaTB, 4qToO IIpH BSaHMOHGﬁCTBHH N 3apspKCHHBIX YacTUL C OJMHAKOBBIM

m o
OTHOLICHHUECM 3ap51,[[a K MaAaCC€ — B OTCYTCTBI/IC BHCIIHHUX IIOJICHU 3HeKTpI/II‘IeCKOG
oF

TUIIOIBHOE U3ITyYEHUE OTCYTCTBYET.

10.2. OueHuTh 3HEPruI0, M3IYUYECHHYIO 3JEKTPOHOM 3a BCE BpPEMs €ro IMpoJeTa Ha
OOJIbIIIEM PACCTOSIHUM p OT TSKEJIOro sifpa ¢ 3apsaoM Ze. CuuTath €ro CKOpPOCTh v
MPAKTUYECKA HEU3MEHHOM, U 10 BEJIMYMHE U 0 HAMPABJICHUIO, pUYEeM vl C.

10.3. Yepe3 KoHAEHCATOp MPOJIETAET YacTUIla C Maccoil m u 3apsaoM e . Paccrosinue
MEXKy OOKJIagKaMHu KOHJIeHcaTopa paBHO | , a HAmpsHKEHHOCTb E 3JIEKTPUYECKOTO
MoJsi B HEM OJHOPOAHA M MOCTOSHHA. YTOJ MEXAY BEKTOPOM E M HampaBJ€HUEM

CKOPOCTH v, YaCTHUILIbI TIPU BJIETE PABHSJICA ¢ . 3HAKHU 3apsja € U KOCUHycCa yria o

oauHakoBbl. Halith sHepruio E, TEpsSEMyI0 YAaCTULEW HA JIUIOJBHOE H3Jy4YEHUE BO
BpEMs IIPOJIETa YAaCTULIBI YEPE3 KOHICHCATOP.

10.4. OcuumisTop MpeACcTaBiIsieT cOO0M YacTUIly C MAacCOM M W 3apsAlioM e, KoTopas
COBEpILAET TapMOHUYECKHE KOJeOaHHS C YacTOTOW w, MOJA JACHCTBHUEM YIPYrou
BHEIIHEN cuibl. HaunHasg ¢ MOMeEHTa BpeMEHH t, =0, MOKOMBIIMHCA OCHHIIISATOP
IOABEPICsl NEUCTBUIO BHEIIHETO JJEKTPUUYECKOTO IOJS C HANPSIKEHHOCTBhIO E =E(t),
KOTOpasi OMMCHIBACTCS HEMPEPBIBHOM (DyHKIMEH, oOpalaronieics B HyJib 10 UICTEYECHUHN
KOHEYHOI'0 IPOMEXyTKa BpemMeHHU. IIpuHHMas BO BHHMAaHHE TOPMO3HOE H3JIy4YEHHE,

HaiiTh dHepruto dE_ JUIONBHOTO U3JIYyYEHHS] OCIWIUIATOpA, NPUXOMASIIET0 Ha

HHTEPBAJI OT @ 10 w+ dw.



10.5. TlepneHAUKYJISPHO OJHOPOJHOMY TIOCTOSSHHOMY MAarHMTHOMY IMOJIO C
HANpPsHDKEHHOCTBhIO H JABMKETCS SJEKTPOH C Maccod m M 3apsjgoM e . B HavanbHbIN

MOMEHT BpPEMEHH t, =0 3HEprust anmekTpoHa — E,, a €ro CKOpoCTb v, MO MOPSAIKY

BEJIMUMHBI paBHa CKOpOCTU cBeTa. HailTu 3akoH yObIBaHUSI 3HEpPTHM E 3JIEKTPOHA,
00yCJIOBIIEHHBIN U3MyyeHueM. B nmomyueHHolt GpopMyiie caenarh mpeAesibHbIN Nepexo

K MaJIoi HauaJbHOM CKOPOCTH 3JIEKTPOHA v} << c’.

11.1. OnpenenuTh pacmnpeaeneHrne NOTeHIUANa B MPOBOISIICH cepe, B KOTOPYIO TOK J
BXOJIMT YEPE3 OJIMH IMOJIFOC ¥ BBIXOJMUT YEPE3 IPOTHUBOIIOIOKHBIM.

11.2. JIBe mapamienpHble IUIOCKHWE IIACTUHKKA (M3 OJMHAKOBOro MeTamia A)
IIOIPYKEHBI B PacTBOp diekrponuta AX. HalTh 3aBUCMMOCTH IJIOTHOCTH TOKa OT

[IPUIOKEHHOM K IUIACTUHKAM Pa3HOCTHU MOTEHLIHAIIOB.
11.3 BeIpa3uTh KOMIIOHEHTHI OOPAaTHOTO TEH30pa o, Yepe3 KOMIIOHEHTHI Sy U a.

12.1. TInockomapaijeabHyl0 INIACTUHKY C JUAJIECKTPUYECKOM IPOHUIIAEMOCTBIO &
BHECJIM B JJIEKTPOCTATUYECKOE T0JIE MEPIeHAUKYISIpHO BekTopy D . BceneactBue
MOJSIpU3allMM  Ha IUIACTUHKE BO3HUKHYT ITOBEPXHOCTHBIE CBSI3aHHBIC 3apsijbl,
CO3JIAl0IINE JOMOJHUTENbHOE Tojie. OnpeaeauTh BIUSHUE MOJIPU3AIMK BEIIECTBA HA
HaMpsHKEHHOCTH TOJISL.

12.2. Tlamouyka W3 CErHETOYJCKTpUKA MHBI | W miIoTHOCTH p , oOJamaromas
OCTaTOYHOM MOJISIPU30BAHHOCTBIO P, , HANPaBICHHOW BJIOJb OCHU TAJIOYKH, MOABEIICHA
3a CEpeAUHY B TOPHU30HTAIILHOM IOJIOKCHUU HAa TOHKOW HEyrnpyroi HUTU. OnpenenuThb
4acTOTYy @ MaJIbIX KoJieOaHWH, KOTOpbhIe Tajouka OyJIeT COBepllaTh B OJHOPOIHOM
TOPU30HTAJILHO HAIPABJICHHOM JJICKTPUUYECKOM MOJI€ C HANpPsSHKEHHOCThbIO E, cuuTas,
YTO 3TO MOJIE HE OKA3bIBACT BIUSHUS Ha MOJISIPU3ALIUIO TTAJIOUKH.

12.3. beckoHeyHass TIaCTUHA W3 M30TPOMHOTO JAWAJIEKTPUKA TOMEIICHA B
MEPIEHIUKYJISIPHOE K HEH OJHOPOJHOE BHEIIHEE TMOJie C  JJIEKTPUUYECKOU

HaNpsDKEHHOCThIO E,. ToimmHa IUIaCTUHBI &, a AUDJIEKTPUYECKas MPOHULIAEMOCTH
U3MEHSETCA JIMHEHHO OT & A0 &» (BHe muacTuHbel ¢ =1). Halltu rpaxmeHT mnos

BHYTPHU INIACTUHLI U ITIOTOK SHEPTHUH YEPE3 HEC.



13.1. B GeckoHEeUYHYIO MPOBOJAILYIO C MPOBOAUMOCTBIO 0 U MPOHUIIAEMOCTBIO & CPeay

nometéH 3apsa Q,. Halitu Bpems penakcanuu, T. €. BpeMsi, B TEYEHHE KOTOPOIO 3apsif

YMEHBIIUTCS B € Pas.

13.2. HaliTy 3aKOH IpeNOMJIEHUS JIMHUM TOKa Ha IUIOCKOM MOBEPXHOCTH pazjena JByX
Cpell C IPOBOJUMOCTSIMU 0, U T, .

13.3. Yepe3 ceyeHwe MEIHOW IUIACTMHKHM TOJIIMHON d =0,2mm TPOMyCKaeTCs TOK
| =6A. [ImactuHKa moMemaercs B OJJHOPOJIHOE MAarHUTHOE T0JIE ¢ MHAYKIMEen B =171,
MEePIEHANKYJISIPHOE K peOpy IIIACTUHKH W HAMPaBJICHUIO ToKa. CUuTas KOHIICHTPAIIUIO
3JIEKTPOHOB MPOBOJAMMOCTH PABHOM KOHIEHTPAIIMA aTOMOB, ONPEACIUTE B IUIACTUHKE
BO3HHUKAIOIIYIO (XOJUIOBCKYIO) Pa3HOCTh IMMOTEHIIHAIOB. [110THOCTS Meu  p =8,932/ cu’
14.1. BblYuUCIUTh CaMOMHAYKIMIO €AWHUIBI JJIMHBI KOAKCUAJIBHOTO Kalens, >Kuja

KOTOPOTO HMMEET paauyc R,, 00ojlouka — BHYTPEHHHH paauyc R,, HapyXHbIH R, .
MarxnutHasi TpOHUIIAEMOCTb MMPOBOAOB 4, , U30JISIUNA MEXKITY HUMH L, .
14.2. CamouHAyKIMsl TUIOCKOTO KOHTypa B Bo3ayxe ( u=1) paBHa L, . Haiitu

CAaMOMHAYKIIMIO  KOHTypa, €CIM €ro IOJOXKHTh Ha  IUIOCKYK)  TPaHUIly
MOJIyIIPOCTPAHCTBA,  3AIOJHEHHOTO  OJHOPOAHBIM  MAarHeTUKOM C  MAarHUTHOMN
IIPOHHUIIAEMOCTBIO /i .

14.3. PaBHOMepHO HaMarHuudcHHas cdepa (UaeaTM3UPOBAHHBIN (heppoMarHeTHK)
BHOCUTCS BO BHELIHEE OJHOPOAHOE MarHuTHoe noje H,. Haiitu pesynbrHpytomiee
MarHuTHOE noJje. MarHuTHas MpOHULIAEMOCTb CPepbl — 1, , OKPYKAIOLIEH CPENbl — L, .
15.1. Cucrema COCTOUT M3 MOCTOSHHOTO MAarHUTA U JIBYX MOJIFOCOB, H3TOTOBJICHHBIX W3
MATKOTO >kene3a. llpomyckaHueMm CHUIBHOTO TOKa BO BHEIIHEH OOMOTKE Opycok
HAMarHM4MBaeTcsd N0 TOYKM P Ha KpuBOM 3aBucumMoct M or H . Haiigure
HaIIPSHKEHHOCTh MArHUTHOTO TOJIL B 3a30p€ IOCJE BBIKIKOYEHHUS TOKa, Mperosiaras,
YTO MAarHUTHasi MPOHUIIAEMOCTh MSTKOTO jkelie3a OECKOHEUHa, U peHeOperast yTeuKkon
MarHUTHOTO MOTOKAa Ha Kpasx 3a30pa.

15.2. PaBHOMepHO HamarHuueHHas cdepa (MacaIM3UPOBAHHBIN (PeppOMArHETUK)

paanyca a BHOCUTCS BO BHEIIHEE OJHOPOJHOE MarHutHoe none H, . Haiitu



pPEe3YJbTUPYIONIEE MAarHUTHOE Tojie. MarHuTHas MPOHUIIAEMOCTh chepbl — 4
OKPYXAIOIIEH CPENIbl — L, .

16.1. 3anucars ypaBHeHUs MakcBelja U MaTepUalbHbIE ypPaBHEHHUS, OMHUCHIBAIOIINE
CTaTHYECKOE DSJICKTPOMATHUTHOE II0JI€ B CBEPXIPOBOJHHUKE. BBIBECTH ypaBHEHHS,
OTMCBHIBAIOIIME B 3TOM CJIy4ae paclpeeeHUe TOKa U MarHUTHOTO TIOJIS.

16.2. CBepxmpoBOHUK UMeeT (PopMy KoOJbIla MPOU3BOJLHOTO ceueHus. B Hem Teuer
TOK, COCPEIOTOYEHHBIM B TOHKOM IOBEPXHOCTHOM cioe. [loka3arb, YTO MarHUTHBIA
MOTOK Yepe3 MOBEPXHOCTb, ONUPAIONIYIOCA HA KOHTYpP, HPOBEICHHBIN BHYTPH
MMPOBOJIHUKA, PABEH HYJIIO, €CJIU INIOTHOCTh TOKA HA KOHTYPE paBHA HYJII0. MlcxoauTs u3
J;

1 o
MaTCpUaIbHOI0 YpaBHCHUS A E =0 u ypaBHeHn MakcBeiuia.

17.1. OmnpenenuTh COOCTBEHHBIE YAaCTOTHI DJJIEKTPUYECKUX KOJEOaHUN B JIBYX
WHIYKTUBHO CBSI3aHHBIX KOHTYpax, COJEpKAIINX CaMOMHIyKInu L 1 L, eMkocTH C, 1
C,.

17.2. OnpenennTs COOCTBEHHBIE YACTOTHI AIEKTPUUECKUX KOJIEOAHUMN IS IIEMU U3 TPeX
napajuieIbHO COeMHEHHBIX conpoTuBieHus R, emxoctu C u camonnaykuuu L.

17.3. BeiBecTn 3akon Oma 17151 IENW MIEPEMEHHOTO TOKA.

17.4. Ouenutps THyOMHY NPOHUKHOBEHHS DJIEKTPOMATHUTHOTO TIOJS C YacTOTAMH
~10"°/y B cepeOpo C DICKTPUUECKON MPOBOJUMOCTBIO 6-10" On'm™, €ClI TIPH ITOM
mosie ocimabeBaeT B 10 pas.

17.5. Mertamnyeckuil map nNoMemeH B OJHOPOJHOE MArHUTHOE MOJIE, U3MEHSIOIIEECS
C 4acTtoTol @ . HalTu pe3ysbTHUpyIlee MOJIE W CPEIHIOK TMOTJIOMAEMYI0 IIapoOM
MOIIIHOCTh MpHU OONBIIUX YacToTax. Pammyc mapa @, MarHWUTHas TPOHUIIAEMOCTH i ,
MIPOBOJIMMOCTE o . YKa3anue: [Ipu onpeneneHun mojs BHE IIapa CYMTaTh, YTO BHYTPH
mapa 1moJjie paBHO HYJIO (T. €. IpeHeOpeyb TIIyOMHOM MPOHUKHOBEHHS § TIO CPAaBHEHUIO
¢ paanycom miapa a ). [lpu onpeaeneHnn mojst BHYTPH IIapa CYUTATh €ro MTOBEPXHOCTh
TUIOCKOM.

18.1. Ynapnas BoiHa ¢ umcioM Maxa M pacnpoCTpaHsieTcss B HJACaJIbHOM Trase,

AMEIOLIEM JAaBJIEHUE P, U IUIOTHOCTH p, . HaWTh naBiieHME W IUIOTHOCTh rasa 3a

yIapHOM BOJIHOM, CUMTas MOKa3aTeNlb ainadaThl raza y MOCTOSIHHBIM.



18.2. CunbHag ypapHas BojgHa C¢ uyucioM Maxa M, 1 oTpaxaercss OT IUIOCKOH
a0COJIIOTHO KECTKOM CTEHKH (CM. pucyHOK). OnpenenuTs yncio Maxa M; OTpa’keHHON

YJIApHOU BOJIHBI.

19.1. JlusnekTpuueckuii map paBHOMEPHO Bpamiaercs (B IMyCTOTE) B OJHOPOIHOM
MOCTOSIHHOM MAarHuTHOM mnoje n . OnpenenuTs BO3HUKAIOIIEE BOKPYT Iapa
AIEKTPUUYECKOE TOJIE.

19.2. B 3amanHbiii MOMeHT BpemeHH ( t=0) B HEKOTOpOH 00JIacTU MHPOCTPAHCTBA
UMEEeTCd  DJIEKTPOMarHuTHOEe Bo3mylleHue. He mnopaepkuBaeMoe  BHEIIHUMU
UCTOYHHUKAMH, OHO OyJeT 3aTyXxaTb CO BpeMeHMM. HalTu ycnoBus, Oonpeaelsronye
JEKPEMEHT 3aTyXaHHs.

19.3. Ha rpanuity nonynpoctpanctsa (X>0), 3al0JJHEHHOTO MPO3payHoOn cpeioil u =0,
[IaJa€T B HOPMaJIbHOM HAIpPABJICHUM IUIOCKAs AJIEKTPOMArHUTHAs BOJIHA C PE3KO
oOppIBatoUMcs  niepeiHUM  (poHTOM. OmnpenenuTs CTPYKTypy (poHTa BOJIHBI,
MPOIIEANIEH BHYTPb CPE/IBI.

20.1. Haiitu 3akoH mpeoOpa3oBaHUS CKOPOCTH PACIPOCTPAHEHMsI CBETa B Cpeae
(rpynnoBoi CKOPOCTH) ITPU NPe0Opa30BaHUU CUCTEMBI OTCUETA.

20.2. OnpenenuTh HWHTEHCHUBHOCTH TEIUIOBOIO M3Iy4YeHHUsS (3aJaHHOM 4YacTOTHI) OT
IIJIOCKOM IMMOBEPXHOCTH € MaJIbIM UMIIEIAHCOM.

20.3. Pe3oHarop 3amojHEH MPO3pPAYHBIM JAUAJIEKTPUKOM C  JHUDJICKTPUUECKOU
npoHunaemMoctelo € . OmnpenenuTs HU3MEHEHHE COOCTBEHHON YacTOThl MPU MaJloM

M3MEHEHUH e (r) AUDIEKTPUUECKON TPOHHIIAEMOCTH.

20.4. Tlnockass MOHOXpOMAaTHMYECKAss BOJIHA NAJaeT HOPMAJIbHO Ha IPOPE3aHHYIO B
UJealbHO POBOJSIIEM IJIOCKOM 3KpaHe ILIeNb IHUPUHBI 28, 00JIbIIeH 0 CPaBHEHUIO C
JUIMHOW BOJIHBL. ONpenenuTh paclpeiesieHne WHTEHCUBHOCTM CBETa 3a ILEJIBI0 Ha
OOJBIINX PACCTOSIHUSAX OT Hee Jisi OOJIbIIUX YIIJIOB AU PAKILIUU.

21.1. HaitTu moTeHIua: 3JIeKTPUUECKOTO MOJIs, CO3aBaeMOT0 HETIOIBUKHBIM TOUCUHBIM
3apsiIOM B OJJTHOOCHOM KPHUCTAJLJIE.

21.2. Haiitu HampaBiieHuE HEOOBIKHOBEHHOTO JTyya MpU HOPMAIBHOM MaJICHUU CBETa Ha

IMOBECPXHOCTHb OJHOOCHOI'O KprCTajljla C IIPOU3BOJIBHO HaHpaBJIeHHOﬁ OIITUYECKOM OCBIO.



22.1. OnpenenuTh U3MEHEHHE TMOJSPU3AIMU AJIEKTPOMArHUTHOM BOJHBI TPU €€
pacnpoCTpaHEHUH B CpEJie, TEH30p TUAJIEKTPUUYECKON MPOHMUIIAEMOCTH KOTOPOW MMEET

BUL ¢, = &(@)5,, + if(wk,,k, ,TIe k —BOJTHOBOH BEKTOP, @ £ U f BEIIECTBEHHBI.

22.2.  OnpenenuTh  W3MEHEHUE  MOJSIPU3ALUU  AJIEKTPOMATHUTHOM  BOJIHBI,
pactpocTpaHsIomecss B HW30TPOMHONW cpene 0e3 MPOCTPAaHCTBEHHOW AHWCIICPCHH,

MOMEIIIEHHON BO BHEIIHEE MarHuTHOE noiie B, (3ddext Dapanes).

23.1. PaccMOTpuM My4YOK paanyca a, HaXOASUIUICS B HETUHEHMHON H30TPOITHOMU Cpelie.

Paccunrars mimHy caMO(pOKYyCUPOBKH, T.€. MyTh | _,, IPU MPOXOKIACHUH KOTOPOTO B

ch?
HEJIMHEHHOW cpefie TMY4YOK CXOMUTCA K OCH (pacCMOTPETh TEPBOE MPHUOIMKEHUE).

bynem cuurtarh amMImIMTYyAy HAOpPSOKEHHOCTH SJIEKTPUYECKOrO MOJIiA Ha ocu E,, a

aMIUTATYAy Ha PaCCTOSIHUM & OT OCH CYMTAEM PABHOU HYIIIO.

23.2. Bonna | ¢ 3akoHOM aucnepcuu o, =@, +ak’ pacmnagaercs o cxeme | —1'+S na
oy |" Takoro ke Tuma W BomHY ¢ 3akoHOM jucrepcud @, =K, . Haiitu

MHUHHUMAJIBbHYIO YaCTOTY UCXOJXHOM BOJIHY, JI1 KOTOPOM BO3MOKET TaKOM pacnas.

24.1. YepeHKOBCKOE W3Iy4eHUE YaCTULBI MOXHO pACCMAaTpPUBATh KaK CIEACTBUE
pEe30HaHCa MEXIY COOCTBEHHBIMH KOJEOAHUSIMU Cpellbl M BBIHYXIAIOIIEH CHUIIOH,
CBSI3aHHOU C JBUXYyIIeics yactuiei. [lomyuuTs ycioBue BO3HUKHOBeHUs 3PdekTa
BaBunoBa — UepeHkoBa M3 CpaBHEHUS YacTOT COOCTBEHHBIX KOJEOaHWM Cpelpl U
BBIHYKIQIOILIEN CHUJIBI.

24.2. Onpenenuth cedeHue paccesuuss do TUHEWHO MONSIPU30BAHHON BOJHBI 3apsIOM
€ Macchl M, COBEPIIAIOUINM MaJible KoJeOaHus (TaK Ha3bIBAEMbIM OCLUIIIITOPOM).
24.3. BbIsICHUTB, TIpU Kakux ychoBusax auddepeHnuanbHoe ceueHune paccesHus do
JVHEWHO MOJIIPU30BAHHOIO  PEHTICHOBCKOTO M3JIyYEHUs Ha IPOTSIKEHHBIX Tenax
(pa3Mepsl BEJIMKH 1O CPABHEHHIO C JJIMHOW KOTEPEHTHOCTH) MPUHUMAET BUJ CEUECHHUS
paccesiHdg Ha CBOOOJHBIX 3apsiiax. Yucimo atomoB B Teie N, 4MCIO 3JIEKTPOHOB B

Kaxaom atome Z .
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CILUIOIIHBIX cpela: YueOHo-MeTonuueckoe nocodue. — Trepb: TBI'Y, 2005. — 160 c.

2. COAEPXAHUE U CTPYKTYPA TECTOBBIX MATEPUAJIOB
TemaTuueckasi CTpyKTypa

1. BexTopbl 1 TEH30pbI

. Cucrema ypaBHenuit Makcsenna-Jlopenua

. [ToTeHmmansl moss

. DHEprusi ¥ UMIYJIbC MOJIS

. M3nydenue u paccesiHue IeKTPOMarHUTHBIX BOJIH

. PenstuBncTCcKas MexaHuka

. PensiTuBHCTCKAs 3IIEKTPOAMHAMUKA

. QHCKTPOIII/IHaMI/IKa CIITOOIHBIX CPCH

O 0 I O W B~ W DN

. PazHoe



COI[Cp)KaHI/IC TECTOBBIX MATCPHUAJTIOB

1. BexTopbl U TEH30PbI

1. 3a0anue OT™METHTE IPABUIIBHBIN OTBET
[Mupkynsiuus Bekropa [&, ] Mo OKpyXHOCTH
panuyca R paBHa:

10

[] 2rnR%h

] 3rnR%h

1 nR2%h

2. 3a0anue OTMETHTE NPABUIIbHBINA OTBET
IloTok paguyca-BekTopa I :

1 nR%h
[ 4nR%h

1 3nR%h

[ 2nR%h

3. 3aoanue OTMEThTE MMPABUIBHBINA OTBET
I'papuent f(r), 3aBuUcAImUNA TOJBKO OT MOIYJISI
paanyc-BeKTOp a:

(10 Di
or

o rdf qr
r dr r

4. 3a0anue OTMETHhTE MPABWIbHBINA OTBET
CrektpanbHas ~ (QYHKIMH  pacupeeICHUs
Jlopeniia BbIpakaeTcsi opMyJIIoif:

0 JO:TJ(w)joa; 0 JO:TJdt
0 0

N J
J(co)=—o v
21 |:((00 _0))2 +y%:|
2e2 0 )

—0o0

5. 3a0anue OT™MeTbTE NIPaBUIIbHBINA OTBET
W3nydeHue ocuuisTopa:

6. 3a0anue OTMETHTE NPABUIIbHBIN OTBET
Oyuknus Jlarpanxka 1yst cBOOOTHOM YaCTHIIBL:

\ / 2.4 .2

hy=M =% 0 L=me®y1-p°

3c \ 230 7 L=-mc21-p?

2 e — 2e
=SS PpRl0I=50 0 =i o0 L=mc?f-p?)

3 m°c 3c
7. 3aoanue OTMETbTE NMPaBUWIbHBINA OTBET 8. 3aoanue OTMETbTE MPaBUWIbHBIA OTBET
Jusa  cucreMbl  TpoBOAHMKOB  3Heprus | JAuddepenuumansusiv 3akoHoM [xoynsa-Jlenna

MarHMTHOTO TOJIS 1aeTcs (hOpMYIIOit:

O W:éjBHdv 0 Wz%jATdV

0 W:%ZLikJiJk 0 W=zB
ik

SABJIACTCA:

0 Q=0B O

12

o=L
(o2
0 Q=J°Rt 0 Q=]H

9. 3a0anue OT™MeETHTE MPABUIBHBIA OTBET
3aKOH COXpaHEHHWs 3apsfa B HMHTETPAIbLHOM
BUJIE:

1¢.
0 IpdV:EdeV

0 %jpdvzﬁds

10. 3a0anue OT™MeThTE NPABUIBHBINA OTBET
Ceuenue paccestHisl B MAKCUMYME PaBHO:

0 0':8—7Tr02
3

8

4

@

re| —
37 (a’oj

0 o=—




7 [divedv =§ pds 310 72
81 TON
1 divV + L =0 S o= Py
ot (a) - ) +oy
2. Cucrema ypaBHeHHi1 Makcgeiia-JlopeHia

11. 3a0anue OTMETHTE IPABUIIHHBIA OTBET
OTcyTCTBHE MAarHUTHBIX 3apsifOB B IMPHUPOJIE
cienyer u3 Gopmyibl:

12. 3a0anue OTMETHTE PABHIIbHBIA OTBET
VYpaBHeHUEM, CIIPaBEUIMBBIM HE TOJBKO IS
CTaTMYECKOTO IOJIA, HO U JJIsl 3aBUCSIIETO OT

1 divH =0 BPEMEHH JJIEKTPHIECKOTO MONIS ABJISETCS:
3 10H
H rotE:_lﬁ 0 rOtE———a—
c ot c ot
[ divE =4z U divE =4
. = 0 divH =0
] rotH = 4_” 18_E 47[ 1 oF
¢ c ot [ rotH = =
C c ot
13. 3a0anue OT™MeThTE NPABUIBHBIN OTBET 14. 3a0anue OT™MeThTE PABUIBHBIN OTBET
VYpaBHeHueM, CIpaBeUIMBBIM HE TONbKO aiisa | KoBapuanTtHbeIM — ypaBHeHHWeM  MakcBesuia-
CTAllMOHAPHOTO MOJIsA, HO U JUIs 3aBUcsAIero ot | Jlopenua sBisiercs:
BPEMEHU MAarHUTHOIO I10JIS SABJIACTCS: . F aAk aAI
0 rotl:|:4—7z]+lg—f oK, ox,
R ¢ ¢ 0 aFik + aFkI + aFIk — O
J divH =0 ~ 8X| axi axi
[ rotE = —laa—t' O°F _ 47 dj;
¢ oxOx, € OX,
O divE =42 du, |
15. 3a0anue OTMETbTE NPABUIIBHBIN OTBET 0 mc—=-FU,
KoBapuantueiM  ypaBHeHueM MakcBemna- as ¢

HopeHua SABIIACTCA:

Cp LA OA U 1o
oK, ox, dS ¢

- aZFik=4_7zj_ 0°F, _4r 9

ox; ¢ oX,0%, € X

16. 3a0anue OT™METHTE NPABUIBHBIA OTBET
[ToTeHIIMambHOCTh 3IEKTPOCTATUYECKOTO OIS
CIelyeT U3 ypaBHEHUS:

17. 3a0anue OT™MeThTE NPABUIIBHBIA OTBET
3aKOH COXpaHEHUsS JJIEKTPUUYECKOro 3apsja

divj +Z—’to 0 MOKHO NOJYYHTb U3:
0 divH =0
0 divE =4
] rotH :4—”]+l§
C c ot
] rotE = —l@

0 divH =0 [ divE =4
0 rotI:|=4—”T [ rotE=0

C
18. 3a0anue OT™MeThTE NPABUIBHBINA OTBET
CnexTpanpHass ~ QYHKUOUS  paclpeaeieHus
Jlopenua:

0 Jozja(w)da)
0

Haw) =




2 +oo

2e 2e*% ,
l \]Ozgg_.[oa)dt[] \]ozgg}[w dt

19. 3a0anue OT™METHTE PABUIIBHBIN OTBET
3aKOH  DJICKTPOMAarHUTHOW  MHIYKLUH
WHTETPATBHON opMme:

e~ 10 ¢= .=
0 §HdI:EaIEdS

0 §Edr =22 [Bas
c ot

7 EdS =4x[ pdv

0 §Hd3=o

20. 3a0anue OT™METHTE MIPABUIBHBINA OTBET
B | DHeprusi MarHMTHOTO TIOJSl TOKa depes
MarHUTHBI MOMEHT BBIPa)KaeTCs:

0 W:iszdv
87

0 W =B

0 W =L [HZV
8r

0 W:inde
8r

3. HOTCHHI/IEUII)I IT1OJIA

21. 3a0anue OTMETHTE MIPABUIBbHBII OTBET
[ToTeHunanpl 3IEKTPOMArHUTHOTO TOJIS:

[0 He  wuMeOT  HEMNOCPEICTBEHHOIO
(U3NIECKOTO CMBICA;

] Ix 3Ha4YeHUs HE MOTYT OBITh U3MEPEHBI;
(1 He momxHBI BXOIUTH B Kakue-TuOO
OKOHYATEINIbHbIE BHIPAKEHUS TEOPUH MOJIS;
O SABnsrorcs BCIIOMOTaTeJIbHbIMU
BEJIMYMHAMU JJIsl YIPOUICHHS ypaBHEHUS
oJis

22. 3a0anue OTMETHTE MPABWIbHBIN OTBET
Bripaxxenus, MOKA3bIBAIOIIEE  3ama3/bIBaHUE

BCKTOPHOI'O ITOTCHIMAJIA:

0 divﬂ+la—¢):0
c ot

c r—r
0 divA=0
-
- LPA
C

23. 3a0anue OT™METHTE NMPABUIILHBIN OTBET
Bripaxkenue, nokassiBaroliiee 3anas/IbIBaHue
CKaJISIPHOTO TIOTEHIMAJIA:

2
0 A —izaatfzo
C
{_ﬂ |F_F'j
pl Pt
R c
0= v’
r-rf
0 Ap=-4np
0 divA+ 192 _g
c ot

24. 3a0anue OT™MeEThTE MPABUIBHBIN OTBET
BoipakeHuss BekTopHOro mnorteHuuana Jlenapna-

R
0 Ar=—
C(R—VRJ
C
0 d|v,5\+la—(p:0
C
- 1 8*A  4r-
0 AA—— -2
c? ot? c J

25. 3a0anue OT™METHTE NMPABUIILHBIN OTBET
BrelpakeHusT  CKaNsipHOTO  IOTEHIHAJA
Jlenapna-Buxepra:

b Ap=0

26. 3adanue OTMETHTE NMPABUIIBLHBIN OTBET
3ama3pIBaHUE MOTEHIMAIIOB MOJIS CIIEAYET U3:
(1 ITorepeyHoOro xapakrepa 3JIeKTPOHHBIX BOJIH.




(] DBecKOHEYHOCTHM CKOpPOCTH  pacHpeleeHUs

Jert)= V=] 3JIEKTPOMArHUTHBIX BOJIH.
r_VR
¢ (1 KoHe4YHOCTH  CKOpPOCTH  PaCHpOCTpaHEHUs
0 Ap=-4np AJIEKTPOMAarHUTHBIX BOJIH.
1 0%p
U Ap— 2 ol =4 (] HanpaBiIeHHOCTH 3JIEKTPOMArHUTHBIX BOJIH.

27. 3a0anue OT™MeThTe MPaBUILHBIN OTBET | 29. 3a0anue OTMEThTE NMPABUIBHBIN OTBET
BekropHblii ¥ CKaNspHBIA  mOTeHIMaN | IHTEHCMBHOCTh TOPMO3HOTO M3IYYEHUS HJIEKTPOHA

COCTaBJISIIOT 4-X MepHBIfI BCKTOp: B IIOJIC HCIOOJABHUIKHOI'O 3apsiga  BbIPAXKACTCA
0. (_F . oF (bopmysnoii:
NNy 2¢° ., 7z°1°
T " e
L R:{P’if} L ji=(],iCp) C"z 2m4C2
¢ _2M _ew

. A:(A,i(p) 0 J 3 0 J 3

28. 3a0anue OTMETHTE MTPABUIbHBII OTBET
TeH30p sHEPruu U UMITYJIHCA IEKTPOMArHUTHOTO TIOJIS AaeTcs (POPMYJIION:

oA, OA, 1 1 )
N R, =——k_ 2% 7 T, =—|F —=5. -
ik 8Xi (9Xk ik 47_5( MFkE 4 ik I:Im)
aFik 4TC. 1{ l 2 2}
ik 2R 0 T,,=—4-E,Eg—H,Hs+=8,E2+H
OX g C Je ap At a=p ol B 2 OLB( )

4. DHeprus v UMILYJIbC OIS

30. 3a0anue OTMETHTE IPABUIBHBII OTBET 31. 3a0anue OTMETHTE NIPABUIBHBII OTBET
DHeprueit AIIEKTPOCTATUIECKOTO noyis | DHeprus MarHUTHOTO TOJS CTallMOHAPHOTO
SIBIISICTCSL: TOKa BBIpaXkaeTcst popmynoii:

1 1
0 W=—"[(E2+H?dV 7 WwW== V

87 J. ( )d 2 I pid

1 ¢+- 1
0 W =—1jAdV 0 W=—"|(E*+H?dV

2cC I : 87 '[ ( )d
Dwzinzdv Dwzijiﬂdv

87 2C

1 1.

DW—EngodV DW_EIEdV
32. 3aoanue OTMETHTE NIPABUIBHBII OTBET 33. 3aoanue OTMETHTE NMPABUIBHBIN OTBET

3HCpFI/I$I B3aHMOHeﬁCTBHH TOKOB ¢ BHeHmHUM | IImoTHOCTB HMIlyjibCa B IUIOCKOH  BOJIHE
IMOJIEM BBIPAXKACTCA UCPE3 MardHUTHBIIT MOMEHT BbIPpAXKAaCTCA:

ORR B 0§ =cWH. 0w=1He
DW=EIp¢dV 0 W=MH 4
= (W S

0 W="[(E*+H?)dV c c

o JE*+H2

1 are
1 W=—|jAdV

2c I :
34. 3a0anue OTMETHTE NPABUIbHBIN OTBET 35. 3a0anue OT™MeETHTE IPABUIBHBIN OTBET

[ToTOK HEPrUM B IJIOCKOM BOJIHE BhIpakaeTcs: | BelpaxkeHne, He COOTBETCTBYIOIIEE HSHEPIUH




3apsKCHHOI'O KOHACHCATOpA:

0 S=—IE,H]
4f 0 W= %ev
0 = —[EH] 1
A 0 W== J. pedV
1 S =cWn. 2
0OW =t E? 0w=Lev?
4 22
0W=—
2C
36. 3a0anue OT™METHTE TIPAaBUIBHBIN OTBET 37. 3a0anue OT™METHTE NIPAaBUIILHBIN OTBET
®opmyrna, He cooTBercTByomas sHeprun | CoOCTBEHHAs 3JIEKTpUYECKas SHEprus

AUIIOJIAA BO BHCHIHEM 3JICKTPHUYCCKOM I10JIC:

] W =—elE 0 vv:ijEZdv
8r

0 W=—-(pE) O W=-pEcosd

IIOBEPXHOCTHO 3apsKCHHOI'0 3apsJaoM e Ilapa

paauyca rI:
2

Tw==  gw=%
2r 2r
2 2
Tw= pgw=Z
3r r

38. 3aoanue OTMETHTE IPABUIBHBII OTBET
Bpemennas 72  KOMIOOHEHTa  TEH30pa

1 1
Ty = FFRc+— Flrflé‘lk CBiA3aHa c
A 4
IUIOTHOCTBIO ~ DHEPTUM
1OJISL COOTHOLIIEHUEM

0 W :%Ip¢dv

QJICKTPOMAarauTHOI O

1
0 W:Q(EZJrHZ)

0 W=£j52dv 0 W:%I,&jdv

39. 3a0anue OTMETHTE NIPABUIBHBIN OTBET
OHeprust MarHuTHOIO TMOJI JUIsl  CUCTEMBI
MIPOBOTHUKOB:

0w :iIBHdV
8r

oW :%Z Lik‘]i‘]k
ik

1 rad
DW:EIAJdV
0 W=zB

40. 3a0anue OTMETHTE MPABUIBHBII OTBET
[ToTok 3HEPrUM B NIJIOCKOM BOJIHE:

O
0 S=4—m[EH]
1 S=[EH]
0 §="E%
Adr

41. 3a0anue OTMETHTE NMPABUIBbHBII OTBET
CBoOosiHas SHEPTHs IEKTPOMATHUTHOTO TOJIS
€IMHULIBI 00bEeMa CPEJIbI:

0 W:ijEZdv
8
ED + BH
87

1 )
0 Wz—jH dv
8r

0 W=

0 W:%j/&jdv

42. 3a0anue OTMETHTE MPABUIbHBII OTBET

U3 3akona Ammepa dF = i[d? E§] CIIeyerT:
C

- ﬁ:e.(a%[a, BD

43. 3a0anue OTMETHTE MPABWIbHBII OTBET
KommnekcHas JUDJIEKTpUYECKast
MIPOHUIIAEMOCTD €CTh:

0 K% =gpw?/c?




e.

1 E=S[v B
c

1 F=—-egrade

A 4noc
U e=e+l——
)

R \/( .47tc5j
O A=_[le+l— |-
o)

0 K?2= K2(1+i4n—6)
A 0))

44. 3a0anue OTMETHTE TIPABUIBHBIN OTBET
3nayenue rot grad ¢ paBHO:

00
03
02

14

45. 3a0anue OT™METHTE NIPABUIILHBIN OTBET

KoMmruiekcHeli  mOKaszarenb  MPEIOMIICHMS
paBeH:
~ L . Aro
0 ok?=2 0 e=g+i—
c w
. Aro
O N=\eu= +1— |u
@
@
0 K=+eu—
C

46. 3a0anue OTMETHTE IPABUIBHBII OTBET

3akoH HHAYKIWHU B CJIydac ABWKYIIHUXCA CPECO:

0 fEdf=—%§I§d§

0 fEdT:—EE
7 {DdS =47 pdv

0 fﬁdfz—%j]d§

47. 3a0anue OTMETHTE NIPABUIBHBII OTBET
[Mpononbublid 3ddekr Jlomnepa BbipakaeTcs
dhopmyIoii:




3. HSJ'IyquI/IC M PACCCAHHUEC DJICKTPOMArHUTHBIX BOJIH

48. 3a0anue OT™METHTE TIPABUIIBHBIN OTBET
Beipaxenue, IIOKa3bIBAIOLIEE, 4TO
3JIEKTPOMArHUTHAsE BOJIHA SIBJIAETCA IUIOCKOM
BOJIHOM:

2

[ Af—la Zf =0

Cc ot

0*f 1 o°f

RPN
0 Af =0

10°f
] Af—Eatz :47p

50. 3a0anue OTMeTHTE IPABUIBHBIN OTBET
[TonHOE paccesHUE SIIEKTPOMArHUTHBIX BOJIH

CBOOOJHBIMH  3JICKTPOHAMH  BBIPAKACTCS
dbopmynoit:
87 ,af 87 , 0!
Do=—1t—2;00=—17; 0=—1I —
3 "y 3 7 w,
87 w?
0 o=— r02

3 (a)g —a)z)2 +ylw?

49. 3a0anue OT™METHTE TIPABUIILHBIN OTBET
Bripaxkenue, IIOKa3bIBAIOLIEE, 4TO
ANEKTPOMarHuTHas BOJIHA SBIIIETCS
MOHOXpPOMAaTH4ECKOM IIOCKON BOJTHOM:

7 Af +k?2f =0
o2f 1 0°f
ox?  c?

- c? ot? =0
2
0 Af—lazfzo
c ot

o*f

0 2+k2f=0

51. 3a0anue OT™MeETHTE IPABUIBHBIN OTBET
B BOJTHOBOI 30HE BBINOJHAETCS YCIOBHUE:

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

0 E<[Bn] 11 E =B =const

52. 3aoanue OTMeETbTE NIPABUIIbHBII OTBET
Junons BO  BHEIIHEM mojie  oOJagaeT
SHEPTUEH:

53. 3aoanue OTMeETHTE MIPABUIIbHBII OTBET
OODbeMHBIN 3apSAN P pyq BHIPAKACTCS:

1 _ .=

[ W:EZei‘(Pi 0 W=e-o U P=Pepaz TP O pCBFBZ_dIVP

= -0 . E W = —M . B —= . o
W p-E - U P=pes -E
54. 3a0anue OT™MeTbTE NPABUIbHBIN OTBET 55. 3a0anue OT™MeThTE PABUIBHBIN OTBET
YpaBHeHue divE=4np BHyTpH | "Cllen" eIMHMYHOTO YETHIPEXMEPHOTO TEH30pa
JUDJIEKTPUKA UMEET BUL: PpaBEH:
0 divD=—-47p 0 divD=4mp 03 o4 o5 02

0 divD=4ndivp 0O divD=p_,,,

56. 3a0anue OT™METHTE IPABUIBHBII OTBET

57. 3aoanue OT™METHTE NPABUIBHBII OTBET

TeH3op SHepruv-uMIysnbca 3JIEKTPOMArHuWT- | DHEPrUs MarHUTHOIO TOJs TOKa 4Yepe3
HOTO TIOJISL: CaMOMHIYKITUH KOHTypa L:
[l AHTHCUMMETPHUYHBIH.
P 0w =2 [H2av
87
() CMMMETpHUYHBI. 1 )
0 W=——=LJ
. 2C
[ CkansipHBbIi. 1
0 W= [B%dV
[J IlceBmocKaysIpHBIiA. 87
(0 W =B
58. 3a0anue OTMeTbTE PABUIBHBIN OTBET 59. 3a0anue OT™MeThTE IPABUIBHBIN OTBET
MarHuTHBI{ U0 BO BHEIIHEM ToJie | DHEprus MarHUTHOTO TIOJIsi TOKa d4epes

o0J1ajiaet sHeprueit:

CaMOMHIYKIMIO KOHTypa L:




1 =
:EZei(Pi W =-uB

[ W=egp [ W=—pE

1

0W=L[HAV 0 W= L)
8

2C

O wziszdv 0 W =B
87

60. 3a0anue OTMETHTE PABUIBHBIN OTBET
Cas3b SHEPIMH M MMITyJIbCa IUIOCKOM BOJIHBI BBI

axkaeTcst POpMYJION:

oG- 32 0 g="q S =cWn ) S=—[EH]
Cc 4r

6. PenaruBucTCKas MeXaHHKa
61. 3a0anue OTMETHTE PABUIIBHBIN OTBET 62. 3adanue OtTMeTbTE MNPABUIBHBIN
HeunnBapnaHTHONW BEIMYMHOW B PENIATUBUCTC-KOM | OTBET
Cllydae sIBIISICTCS: WuTepBaiom MeEXIy COOBITHSAMU HE
(1 OnHOBPEMEHHOCTb COOBITUI SIBIISICTCS:
[J CoOcTBEHHOE BpeMs [J CBeTomno00HBIH.
[1 CkopocTb CBETa B BaKyyMe O MuuMbIi  (IpOCTPAHCTBEHHO-
(1 MHTepBai MEXAy COOBITHIMHU BPEMEHHOM )

[] BermecTBeHHBIH (BpeMEHETIOI00HBIN )
[] OgHOBPEMEHHOCTh COOBITHIA

63. 3a0anue OT™MeThTE MPABUIBHBIN OTBET 64. 3aodanue OtMeTbTe NPABUIBHBIN
Dddexr Jlorutepa cinemayeT U3 COOTHOIICHHUS OTBET
0 X, =a, X, 0 K, =a,K, 3akoH mpeoOpa3oBaHHs  YacTOTHl U
. BOJIHOBOT'O BEKTOpa BBIPA)KACTCSI
' 1 K 4_IﬂK 1 o
0 P =a,P 0 K, = —— ¢bopmyoii:
V1-4 0 B =2, R 0K =a, K
O X=X, O A =g A
65. 3adanue OTMEThTE NPABUIIBHBIA OTBET 66. 3adanue OtTMeTbTe MNPABUIBHBIN
3akoH MpeoOpa3oBaHUs SHEPrHMM M HMMIIYJIbCa B | OTBET

PENATUBUCTCKOMN MEXaHUKe clenyer n3 | CBs3b DHEpruM, UMITyJIbCAa U CKOPOCTH B
COOTHOILIECHHUS: PENATUBUCTCKOM MEXaHMKE BBIpaXKaeTcs
0 X, =a, X, 0 A =a, A COOTHOIIEHUEM:
) -
mc EV
0 E=—— 0 p=—-
0 R=aR 0K =a, K, J1-p? P c?
] B
7 p=—M_ o T ey
1- B2 dt
67. 3a0anue OTMETbTE NPABUIIbHBIN OTBET 68. 3aoanue OTMeTbTe NPABUIbHBIN
VYpaBHeHHE JBMKEHHUS YacTHUIbl B KOBAapUAHTHOH | OTBET
¢bopme BbIpaxkaercs: VYpaBHeHUE JABIKEHHMsS 4YacTHIBI  BO
. dP o8 oA e B/ ] ] BHeIIHEM ToJie B (hopme Jlarpamxka:
— =—&gradp———+—=Nro
d . TR TG Dd—P=eE EdP GN*]
dP 10 - dt c2dt ¢
0 Lo B+ A
dt c . 3 .
d| mv eoA ef; =
du 1 . dE [ }=—egradgo—+ rotA
] m_'=_|:ikjk 1 — =eEV dt| J1-p? c ot CB/ ]
dt, ¢ dt

69. 3a0anue OTMETHTE NPABUIBHBIN OTBET

70.  3adanue OTMeTbTE IpPaBHIbHBIN




PenstuBucTckum 00001IeHIEM ypaBHEHUS | OTBET
nuHamuku HpioToHa sBnsercs: [TonsTuro MPOCTPAHCTBO HE
dP 10 - COOTBETCTBYET:
a a - e(E + E H D N [IpoTskHOCTH  MaTepUATIBHBIX
00BEKTOB
ﬁ - i -F O MHoroo6pazue wux ¢opM H
dt, dt, ' BHYTPCHHECH CTPYKTYPBI
dP dVv U He 3aBucuMOCTh MaTepHUaIbHBIX
0 R =muy dt ma 00BEKTOB JIPYT OT Jpyra
[l BszaumHas yJaJleHHOCTb 0OBEKTOB
71. 3a0anue OT™METHTE MIPABUIILHBINA OTBET 72.  3aoanue OTMeTbTE NPABUIBHBIN
CBsi3p SHEpruu, UMIyJbCa M MacChl CBOOOJHOM | OTBET
YaCTHUIIBl B PEISITUBUCTCKON MeXaHHMKe BeIpakaeTcs | DyHkius ['aMWIbTOHA, COOTBETCTBY-
dbopmyoii: olas  PeISTUBUCTCKOMY  JIBHIKEHHUIO
. mV 1 E mc? YaCTHUIIBI B 3JICKTPOMArHUTHOM II0JIE:
=, = — 2 2
P /—l_ﬂg h- p? 0 H:L2+e¢;;D E—2=p2+mzcz
R E\7 . 2.2 2.4 1_ﬁ
1 p=ri 0 E=ypictic o H =P e

2
0 H= m2c4+(p—EA) ¢’ +ep
c

73. 3aoanue OTMETbTE MPABUIIbHBII OTBET 74. 3aoanue OTMeTbTEe NPABHIBHBINA
PensTuBuCTCKUM 00OOIIEHHEM YETHIPEXMEPHOTO | OTBET
UMITyJIbCa SIBIISIETCS: WNuBapuantHoi BEJIMUMHOM B
_ mv PENSATUBUCTCKON MEXaHUKE SIBIISCTCS:
0 P=—F— 1 P =mu, -
1 2 = EV
V _ﬁ ] P| = mui 0o P =—
- C
2 2 = EV .
P =mu; 0 P=— = mV 2
' ' c? 0 P=—r— 0 PR =my
vi-p
75. 3a0anue OTMETbTE NIPABUIIbHBII OTBET 76. 3aoanue OTMeTbTE€ NPABUIbHBIN
Ecnu nuneiika mmHoW |y =1wm nBmxkercs BIOJb | OTBET
ocu OX B uHepuuanbHON cucteMe orcuera K co Kocmudecknii KOpaOiib JBHKETCA MHMO
HETOJIBUYKHOTO HabOo1aTeNs co

ckopoctbio 0,8c ,TO anvMHA JUHEWKU B cucteme K’
paBHa:

0 04m.; O 0,6Mm.

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

ckopocteio V=0.6C. CKOJBKO BpeMeHHU
npoier mno yacaMm HaOJOJaTeNs, eclu
0 dYacaMm, HaxoIsImuUMcs B Kopalue,
npouuto 100 yacos:

0 1304.; O 12549.;; 0 20049.; [ 150q.

77. 3a0anue OT™METhTE NMPABUILHBIN OTBET

C mnomouiplo 4-X MEPHOrO UMIYJIbCAa MOXKHO
1oKa3aThb, 4YTO Macca Mokos ()OTOHa paBHa:
Om>00 m =00 m =0

78. 3aoanue OTMeTbTE NPABUIbHBIM
OTBET

OTHolleHHE Macchl DJIEKTPOHA K €ro
Macce IMOKOs, €CIIU DJIEKTPOH JBUKETCS

co ckopocThio V=0,8c. paBHO:
[ 1,46. [ 1,66. ] 0,99. [] 1,56.

79. 3a0anue OT™MeETHTE MPABUIBHBIN OTBET
CKOpOCTp  BHKEHHSYACTULBI, TPU  KOTOPOH
KUHETHYECKasi SHEPrusl YaCTULbl PaBHA €€ SHEPTHH
TTOKOSI:
0 0,9c. [ 0,86c.

0 0,79c. 0 0,74c.

80. 3aoanue OTMeTbTE MpaBUIbHBIN
OTBET
OyHKIMA I'amunsToHa CcBOOOIHOI

PENSATUBUCTCKON YaCTULIBI CIEAYET U3:




0 P= 0 P =mu,
1-p 2
2
mc 2
0 ¢= — 0 P° = mui2
Vi-5
81. 3a0anue OTMETHTE IPABUIBHBIN OTBET 82. 3aoanue OtTMeTbTe NPaBUIBHBIN
CoOcTBEeHHOE BpeMs uepe3 BpeMsi B MPOU3BOJIBHON | OTBET
CHUCTEME OTCYETAa MOKHO HAWUTH U3 COOTHOIICHUS B PEIATUBUCTCKON MEXaHUKE

dS
dt, =—; O dS®=cdt’—dl?; 0 dS=cdt.
C

HHBapHaHTHOﬁ N3 HIXKCIICPCUUCICHHBIX
BCJIIMYHH ABJIACTCA:

0 p 0 pdV 0 po
83. 3a0anue OT™MeEThTE TIPAaBUIBHBIN OTBET 84. 3adanue OtTMeTbTEe TPaBUILHBIN
ITpeoOpaszoBanus lNanunes WHBApUAHTHO | OTBET
OTHOCUTEJIbHO YPaBHEHHUS: B mnpeoOpazoBanusix ["amunes ckopocTb
dv e[ - dv pacrpocTpaHeHHsI B3aUMO/ICHCTBHIA:
b mE:E H] 0 EZO [J KoHEeuHas [J uHBapuaHTHas

. ‘Z_T:e(a%ﬁm]j W _ e fh]

[0 OeckoHeuyHas [ mocrossHHasA

85. 3aoanue OTMEThTE NPABUIILHBII OTBET

Nmmynee W 3HEprus dYacTHIBl 00pa3yroT 4-x

MEPHBIN UMITYJIbC:

T i=(Riep) 1 A=(Rig) 0 R-|PiZ]
C

—

86. 3aoanue
OTBET

B cinyuae ckun-3dpdexra korpunueHt
CaMOWHYKITUH TIPOBOJTHUKA:

[] YBenuuuBaercs.

[] YmeHbuiaercs.

OTMeTbTe MpaBUIIBbHBII

F . oF 1 Ocraercsi HEU3MEHHbIM.
0 f = | 0 H
c \/1_ ﬂz c2 \/1_ ,32 € YBCIIMYMBACTCSI.
87. 3aoanue OTMETHTE IPABUIBbHBII OTBET 88. 3aoanue OtmerbTe NpPaBUIBHBIN
CropoHHUMHU 3apsaamMu B JIUDJIEKTPUKE | OTBET
Ha3bIBAIOTCA: YeTbIipeXMEPHBIN BEKTOP TOKA €CTh:
(] BHeceHHBbIE U3BHE 3aps/bl. - -
P 0 J=po 0 Ji = pou;
() MHayumpoBaHHbIE BHEITHUM MOJIEM 3apsiibl.
(] 3apsibl, uMeromue QIyKTyalMoOHHBIN XapakTep. ji=p dXi 0 ] =PV
[ "M300pakeHus" 3apsiioB B AUDIEKTPUKE. ' 0 dt 0
89. 3a0anue OTMeTbTE NPABUIbHBIN OTBET 90. 3aoanue OTMeTbTE MpaBUIbHBIN
MaxkcBeIOBCKHM TEH30p HAIPSKEHHOCTH TOJIS: OTBET
1 1 2 VYpaBuenne [amunbrona-fkobu s
N Tik = E (Fil Fkl - Z 5ik F Im) CBOOOJTHOM YaCTUIIBI BEIPAKACTCS:
2
0 0 oS 2.4
0 F, = A _OA 0= | =m%
0%  OX, 0,
2 : 2
0 Fik _ dr 8], 0S 2.2
A T A 0 |— 1| =—Mm"C
oX0X, ~ C OX OX.
1 1 2 2
0T :—{—EE ~HH, +=6 (E2+H2)} oS oS
vy A b7 0| =—| =mc; n|=—1 =0
OX; OX;
91. 3a0anue OTMeTHTE NPABUIBHBII OTBET 92. 3aoanue OTMeTbTE MpPaBUIbHBIN
PyHKIHA Jlarpanxka JUIs YACTHULIBI B | OTBET




3JIEKTPOMArHUTHOM I10JIE: 3nauenue div rot A:
1 L=-m2J1- 0 L=c’J1-p a1
e+ 0o
0 L=-mc*{1- B> +=AV —egp
C
0 4
mv? e .-
L=——+—AV —gp
2 C 03
93. 3a0anue OTMETHTE TIPAaBUIIBHBIN OTBET 94. 3adanue OTMeTbTE TMPaBUILHBIN
MarsnuTHas BOCIPHMMYHBOCTH IapaMarHeTHUKOB, | OTBET
T.€.3ak0H Kropu: VpaBuenne ['amunbroHa-SkoOu  mis
YacTULIBI B 3JIEKTPOMAarHUTHOM I10JI€
-~ NM? . BbIpaXKaeTcs:
T S e
, 0| —-=A1| +m%*=0
NM oX C
0 y=
3kT 2
2 0 as—eA +m*c*=0
0 4= NM oX C
u 3KT ,
0S
1 p=£7%p 0| =—| +m?c®=0
dre X
2
oS e
0| Z2-ZA 1 =0
o% ¢
95. 3aoanue OTMETHTE IPABUIBHBII OTBET 96. 3adanue OTMeTbTE NPABUIBHBIN
®opmynoir  Jlopenu-JlopeHna, NOpPUMEHUMON K | OTBET
IUBJIEKTPUKaM JII000ro Kiacca, IBIsSeTCs: 3HaueHue rot r paBHo:
e-1 4r
=—Ng 03
e+2 3
e-1 4zNr P’ 00
0 = O | p+=2
e+2 3M 3KT -
e-1 4nN,r
0 = o B 5
e+2 3M a
. oe—1-
0 P=222D
Are

97. 3a0anue OTMETHTE MPABWIbHBIN OTBET

Ycnosue JlopeHia 1uisi IOTEHIIMAIOB B YEThIPEXMEPHOM popme:

ok, 4m. o OA, OA; : 1
0ok =7 N 6%20 = —Kk——1 | divA =—=.%®
OXjc C i OX;  OXy C
7. PenaATUBUACTCKAs IEKTPOIUHAMUKA
| 98. 3adanue OT™METHTE PABHIBHEINA OTBET | 99. 3adanue OT™METBTE IPABHIBHBIN OTBET




WMHBapuaHT 271€KTPOMarHuTHOTO I1OJIA:

MHBapHaHTOM 3J1€KTPOMArHUTHOTO IOJIS:

0 (EH)Z:inu [ H*-E®=inv 1 EH =inv [ H*-E%*=inv
1 E%H =inv 1 EH? =inu 1 E%H =inv 1 EH? =inv
100. 3a0anue OT™METHTE IPABUIIBHBIN OTBET 101. 3a0anue OT™METHTE IPABUIBHBIN OTBET
3akoH TmpeoOpa3oBaHUsS IUIOTHOCTU 3apsia | 3aKOoH MpeoOpa3oBaHUA  IJIOTHOCTH  TOKa
CIIEyEeT U3: crenyet u3 (popMyIis:
O i =ay bk 0 X =ay Xy
Oy =ay O i =ay bk
0 Jo =aydk 0 P =a,PR
O X =ay Xy 0 A =a A
102. 3a0anue OTMETHTE NPABUIILHBIN OTBET 103. 3a0anue OT™MeEThTE IPAaBUIIBLHBIN OTBET
[IpocTpancTBeHHBIE KOMITOHEHTHI 4-ex | Tenzop SHEPTrUu - UMITyJIbCa
MEPHOT0 TEH30pa SHEPTUU-UMITYJIbCA | JIEKTPOMArHUTHOTO TOJIS:
3JIEKTPOMArHUTHOTO IIOJIS 01 :i[E E+HH _E(Ez +H2)s }
1 1 ) af 472_ a —f a B 2 aff
0 Tikza |:ilFlk+Z|:Im5ik - Fk:%_%
ook oX
0 Taﬁ:i[EaEﬁ+HaHﬁ—i(E2+H2)5aﬂ} ' X
4 2 1 1,
0 Ty =—| RiF +— Fndi
oA oA ar 2
0 R=SX-
o%  OX,
104. 3a0anue OT™METHTE NIPaBUIIbHBIN OTBET 105. 3a0anue OTMETHTE IPABUIBHBIN OTBET
Tenzop sHeprun-umiyibca | [[pocTpaHCTBEHHO-BPEMEHHBIE ~ KOMITOHEHTHI
JJIICKTPOMAarHuTHOTO I1oJIA 1 1 2
1 1 rensopa T, =—| kR, +=F.0, | cBa3ansl ¢
T = _(Fn Fic +— Flrié‘lk ) oOmnanaer 4r 4
Ar 4 IUIOTHOCTBIO UMIYJIbCA AJIEKTPOMArHUTHOTO
CBOMCTBOM: TI0JIS1 BEIPAYKEHUEM:
1 SpT,; >0 R -
[0 g=——-I|EH
J 4rc [ }
= W
] S.T.=0 - g:(_Jﬁ
C
0 ST, <0 [ Tae =-icg,,
0 g= §/ e

106. 3a0anue OT™METHTE MPABUIIBHBIN OTBET
[TnoTHOCTH TOKA M 3apsiza 00pa3yroT 4-BEKTOP

0 A=(Alig)

0 R:{PJ%} 0 ji=(T.ico)

IIJIOTHOCTH TOKa:

0 o F : oF
D lef1-p2 " 1-p2

107. 3a0anue OT™MeEThTE MPABUIBHBIN OTBET
JlnaroHanbHble KOMITOHEHTBI TEH30pa
AJIEKTPOMAarHUTHOTO MOJISL:

(] bombmie HyJIA.

[J PaBHBI HyIIIO.

[J MeHsbl1€e HyIS.

(] OcraroTcsi HEN3MEHHBIMU.

108. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET
3uauenue Ot T paBHO:

0 3r

00

109. 3a0anue OT™METHTE IPABUIBHBIN OTBET
YpaBHEHHE HENIPEPBIBHOCTH B YETHIPEXMEPHOMN

dopme:




0 2r

Jj;

0 —+=0
0X;
. F.k—%Ak OAL
X;  OXy
dx;
O Ji=po— at

110. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET
[Tone wm3mydeHnss Ha OOJBIIMX PACCTOSHUIX

JJIA CKaJIApHOTO IIOTCHI M AaJIa MOXKHO
ITOJIOXKUTD:
ez =—n ‘ {P(t r/C)}
r r
: (p(z,t)—”'“(t /<)
Ccr
[ (p(z,t):J‘ Mdv

(r-r)

111. 3a0anue OTMETHTE MIPABUIBHBIN OTBET
Teopema Octporpanackoro-I'aycca:

0 §adf = J' rotads

0 _[adS jdlvadv

112. 3a0anue OT™METHTE NPABUILHBIN OTBET

JlucnepcruoHHOM (opMyJION KIACCHUYECKOM 3MEKTPOJMHAMUKH SIBISIETCS:

- 2.4 = I
3 mc 3 0 5004
2 4 8
(7:8_7[ h @ N O':_ﬂroz
3 2 2)? 2,2 3
W, —0°) +o%y

8. DNEeKTpoIUHAMHUKA CIUIOIIHBIX CPe/T

113. 3a0anue OTMETHbTE IPABUIBHBIN OTBET
VYBile4eHHEe CUIIOBBIX JTMHUA MAarHUTHOTO TOJIS

JBHOKYIIIEHCS I1a3Mou BBIpaXKaeTcs
bopmyoit:
[ rotE = ——@+ ! rotb/ B]
0 =rotV B
| AB=4mo B
c° ot
S 2
0 B B+t B
ot dmou

114. 3a0anue OTMETHTE PABUIBHBIN OTBET
3aTyxaHMe 3JeKTPOMArHUTHBIX BOJIH B IJIa3Me
HE TMPOUCXOINT:

(] Tlo HampaBIIEHUIO IBHKCHHUS TUTa3MBI.

(] TlepneHIUKYJISIPHO IBUKESHUIO TUTA3MBI.

[J IlepreHIUKYJIPHO MATHUTHOMY IIOJIIO.

[J Ilo HampaBiIEHUIO MAarHUTHOTO MOJIA.

115. 3a0anue

OTMeThTe MpaBUIIBHBIN OTBET

[TpoBOAHMKHN B CBEPXITPOBOIAIIEM COCTOSHUHU
SIBIISIIOTCSL:

116. 3a0anue

OTMmeTbTE paBUIIbHBINA OTBET

Ponp nuanexTpuyeckoil MPOHUIIAEMOCTH € B
TEOPUHU MATHUTHOI'O IOJIsI BBIIIOJIHSET:




[J ITapamarHeTukamu.

O WpeanpHbIMH ~ TMAMarHeTHKaMH, T.C.
BHYTpHU HuX Bceraa B=0.

1 VpeanpHBIMH  TPOBOJHHKAMH WM
MIPOBOIHUKAMU c OECKOHEUHOM

IMpOBOAUMOCTBIO (G = OO) .

o N
y7i
1

] —
y7i

Hop

o #t
4

117. 3a0anue OTMETHTE NPABUIILHBIN OTBET
Busiaue ckun-3Qdexta Ha KOIPPUIHMEHT
CaMOWHIYKIIUH MPOBOTHUKA!

[J VBenuueHue

[ VMeHbIlIeHUE

[ Het Bnusguus

118. 3a0oanue OT™MeThTE IPAaBUIIBLHBIN OTBET
BausiHMIO MarHUTHOrO MOJISI HA ABMKYLIUKCS
B HEM 3apsJi HE COOTBETCTBYET:

[J He nMpou3BOIUT PabOTHI HAJl 3aPSAIOM.

0 HE M3MEHAET KUHETUYECKON SHepruu
3apsiga

[] He u3MeHsET aOCOJIOTHOH BEIMYHMHBLI €TI0
CKOpOCTH.

O HE M3MEHSAET HaNpPaBJICHUS CKOPOCTH
3apsija.

119. 3a0anue OTMETHTE IPABUIIbHBIN OTBET
dB = erus
— =eE+=[VH |
dt C
MEHSIOTCSA B ClIydae, eCJIM IPOU3BECTH 3aMEHY:
0 t—>—t

—>E

ypaBHCHI/IH JABUIXKCHUA

—>H

——-H

I, I, m

[
[
[

120. 3a0anue OT™METHTE NPABUIIbHBIN OTBET

Cuna, peiictByromass Ha  3JIEKTPUYECKHUM
AUITIOJIb:
[ F=¢eE
0 F= J- pEdV
0 F=(pvV)E

-~ e -
0 F==[oH

-LoA]

121. 3a0anue OTMETHTE NPABUWILHBINA OTBET
Pemenue ypaBHenus Jlamnaca B cdepudeckoit
CHUCTEME KOOPJHWHAT, 3aBHUCSINEE JUIIb OT
OJIHOM KOOpPJIMHATHI I

C

0 ¢=—2
r

0 9=C

C
0 p=—+C¢,

C
0 ¢p=—+c,
r r

122. 3a0anue OT™MeETHTE IPAaBUIIBLHBIN OTBET
EMKOCTB IIHITMHIPHYECKOTO KOHJIEHCATOpA!

L olsS o _ 4mRR,
d R,-R
0 c= At 0 C=duerin| R
In & R
R

123. 3a0anue OT™MeETHTE MPABUIIBHBIN OTBET
B anexTpocraTike He3apsKEHHBINH MPOBOJHUK
MOKHO pacCMaTpUBAaTh KaK TEJIO:

124. 3a0anue OT™MeEThTE MPABUIBHBII OTBET
DnekTpuueckas BOCIPUUMYHUBOCTH JIHOOOTO
TeNna:

O C OeckoHeuHoit audnektpuueckoit | [y =0.

IIPOHULIAEMOCTBIO. } o x>0

0 C  HynmeBOW  JIHAJIEKTPUYECKOM 1 y=const.

IIPOHULIAEMOCTBIO.

O C  xomeunoil  mmonexrpuueckoit | - X <0

IIPOHULIAEMOCTBIO.

O C HEHW3MEHHOH JMAJIEKTPUYECKOU

ITPOHULIAEMOCTBIO.

125. 3a0anue OTMETbTE IPABUIBHBIN OTBET 126. 3a0anue OTMETHbTE IPABUIbHBIN OTBET
"Cnen" TEH30pa SHEpruu-ummyibsca | [Ib€302/IeKTpUKH - KpUCTaUIbl, BHYTpPEHHEE
AJEKTPOMArHUTHOTO TOJISL: HampspKeHHe, B KOTOPBIX B AJIEKTPUYECKOM
0 Tii >0 N Tii =0 T10JI€ TPONOPLIMOHAIIBHO:




0 T,; <0 0 T =const

0 E 0 EY2
0 E3/2 0 E2

127. 3a0anue OTMETHTE MIPABUIBHBIN OTBET
JIManeKTpudecKkas pOHUIIAEMOCTh BEIIeCTBA!
0 e<l

1 g=const
1 e>1
1 e=0

128. 3a0anue OT™METHTE IPABUIIBHBIN OTBET

[ToHOEpOMOTOPHBIMU ~ Ha3bIBAKOTCSI  CHJIBI,
JICHCTBYIOIIIKE HA:
O JlupnekTpuku B HEOJHOPOJHOM
JJIEKTPUYECKOM I10JIE.
O [IpoBomHMKH B HEOAHOPOJHOM

3JEKTPUYECKOM TIOJIE.
(] JIMdJIEeKTPUKH B HEOJHOPOIHOM MarHUTHOM
IoJIe.

(] IIpoBOJHHMKH B HEOJHOPOJHOM MarHUTHOM
IoJIe.

129. 3a0anue OT™METHTE NMPABUILHBIN OTBET
IIpn ckuH-3(hexre OMMUECKOE
COIPOTUBIICHUE MPOBOIHUKA:

[J Ocraetcs HEM3MEHHBIM.

(] He yBenuuuBaetrcs

[ VBennuuBaeTcs.

[l VYmMmensnraercs.

130. 3a0anue OT™MeTbTE IPAaBUIIBLHBIN OTBET
[Nonepeunstit 3¢pdexr Homiepa BeIpakaeTcs:

J1-pB?

0 o=0yg —————=

1-BcosQ

0 o= wowll—Bz

0 o=0y(1-p)

1+ p

131. 3a0anue OTMETHTE NIPaBUIIbHBIN OTBET
3uauenue rot grad ¢ paBHo:

OOOd
N OlTwo

132. 3a0anue OTMETHTE NIPABUIBHBIN OTBET
Teopemy Crokca Bblpaxaer ¢popmyna:

0 [adS = [divadv
\
0 fad/ = {rotadS
S
Ed/ = 4n[pdV
\%

U

O
r—.— N [ ——m

Ed7 =27 [ jaS
C S

133. 3a0anue OTMETHbTE IPABUIBHBIM OTBET
DHeprusi CUCTEMbI NPOBOJHUKOB BBhIpa)KkaeTcs
bopmyoit:

O W:%jp(pdv

134. 3a0anue OTMETHbTE IPABUIBHBIN OTBET
3aKOH MHIYKIMU B CIIydae ABMXKYLIUXCS CPel
3amaercst PopMyIIou:

~ 190
0 §Edz_—g-a-j'5ds
o fEqi-_1.92

J c dt

0 '5d§=4njpdv
0 §BdS =0




135. 3a0anue OT™MeTHTE IPABUIIBHBIN OTBET

YpaBHeHHE HETPEPHIBHOCTH B
4eThIpEXMEpHOit popme:
0 9 _ 0 0 ji= ul
X, TP
. Fik:%_ﬁ_A . fileikjk
0% OX, C

136. 3a0anue OT™METHTE IPABUILHBIN OTBET

VYcnosue JlopeHiia 11 MOTEHIIMAIOB B Cpefie:
0 divA+122 20 0 divE =4zp
c ot
0 divA+ 2R 0 o divA+ 222 g
c ot c ot

137. 3a0anue OTMETHTE NPABUILHBIN OTBET
VYpaBHeHUE ABMKEHUS 3apsifa B MOCTOSHHOM
OJTHOPOJIHOM MarHUTHOM IIOJIE:

P - er
0 —-=eE+—[VH |

ot C

- er.——
—=¢E —=—|VH
ot ot c[ ]

N a—IS—eK—Ea—A—grad j
ot at v

138. 3a0oanue OT™MeThTE IPAaBUIIBLHBIN OTBET
[Tonnoe Temuio, BbIAENMUBIIEECS B MPOBOJIHUKE

IIpH IPOXOXKIACHUN IMOCTOAHHOI'O TOKa B LCIIN:
£2

0 Q= 'J—dV
O

0 Q=[jEmav

0 Q=J%Rt

0 Q=[jEdv

139. 3a0anue OTMETHTE IPABUIIbHBIN OTBET
I'myOuna ckuH-CII0s 1aeTcst (HOpMyIIoi:

140. 3a0anue OT™METHTE NMPABUIIbHBIN OTBET
VYpaBHeHHE IBWKEHUS 3apsifa B MOCTOSTHHOM

270w OJTHOPOJTHOM 3JIEKTPUYECKOM I10JIE:
P=\—%— P - eros
¢ 0 —-=eE+—[VH |
> ot C
C _
SR rovrs o P e AT
THA —~ - )
H ot ¢
20 )3 P -
o = i 0 —=¢eE
“ 2muie ot
0 S=YP 0 méV/ét =—egrade
141. 3a0anue OT™METHTE MPABUIBHBIN OTBET 142. 3a0anue OT™MeEThTE MPABUIBHBIN OTBET
N3nyuyenune 3apsja, JBUXKYILETOCS B | YpaBHEHHUE CBSI3M B OJHOPOJHON HM30TPOITHOU
OJTHOPOJIHOM MAarHMTHOM TIIOJI€, BBIPAXKAaeTCs | Cpene:
bopmyitoii: - oA
v 1 E=-gradp———
[ — 2M ’ g ¢ c ot
3c? . . OE .
2 e\ 2H 2 0 pV =cE+a—+ ycrotB
3 m‘c ~ -
2 2 [0 B=rotA
2e°w
0 J=—= B
3c 0 p=pe+p
2P’
0 J=—=
3c

143. 3a0anue OT™MeETHTE IPABUIILHBIN OTBET

O06acTh MOt U3TYYCHHsI HA3bIBAETCSI BOJTHOBOM 30HOM, €CITH:

[0 << [0 r=2

[0 r=0 E




9. Pasnoe

144. 3a0anue OT™MeEThTE IPABUIIBLHBIN OTBET
Tpaexropust 3apsKEHHOU YaCTULBI,
BJIETEBILIEH MOJ YIJIOM B IPOJOJIbHBIE APYT K
JPYTY BJIEKTPUYECKOE U MAarHUTHOE TOJIS:
npsiMas B10JIb HAYAJIbHOM CKOPOCTH
OKPY’>KHOCTb

napaboJa

BUHTOBAS JIMHUSI C TIOCTOSTHHBIM I11arOM
BUHTOBAs JINHUS C IEPEMEHHBIM 11aroM

[ I A I R B A O

145. 3a0anue OT™MeThTE IPAaBUIILHBIN OTBET
®opmyJia, BeIpaKkarolasi 3aKOH MOJHOTO TOKA:

O §I:Idz:,u0|
O §§dz=yol
0 {Bdi=1

0 fﬁd?zl/yo
0 {Hd=1/4%

146. 3a0oanue OT™METHbTE NMPABUILHBIN OTBET
KospuurnBHas cuna mist heppoMarHeTUKOB:

0 WHIYKUMS MarHuTHoro moys B
HeoOXoauMmasi IS TOJTHOM  OPHUEHTAIMH

JOMCHOB

(1 B, HeoOXxomumas IS MEPEOPUCHTAINH
JIOMEHOB

(1 B, HeoOxomumas il pa3MarHUYMBaHUS

dbeppomMarueTnka
0 B , obecreunBaroas PaBEHCTBO
CIIOHTAHHOTI'O u HHAYLIUPOBAHHOT'O
HaMarHUYMBaHHUH

147. 3a0anue OT™METbTE IPAaBUIIBHBIN OTBET
3aBUCUMOCTh  BEKTOpa  HaMarHUYEHHOCTH
MapamMarHeTUKOB OT MarHUTHOTO MOMEHTa UX
MOJIEKYI:

JINHENHAas

KBaJ[paTU4HAs

KyOuueckast

SKCTMOHEHIIHAJIbHAS

norapudmuueckas

I O I B A

148. 3a0anue OT™METHTE NIPaBUIIbHBII OTBET
3aBUCUMOCTh MAarHUTHOM BOCIPHUMMYHBOCTH
MapaMarHeTHKOB Ym OT TEMIIEPaTyphI:

O xn~T

0 x~1/T

[ x~T?

[ x~1/T?

[] XNe—aT

149. 3a0anue OTMETHTE NIPABUIBHBIN OTBET
MaruauTHast POHUIIAEMOCTh
(eppOMarHeTHKOB TPU YBEITHMYEHUH BEKTOpA
WHTyKIIMM MarHUTHOTO TOJISL:

YBEITUYNBACTCS

YMEHBIIAETCS

HE MEHSETCS

MIPOXO/IUT Yepe3 MaKCUMYM

MPOXOJIUT Yepe3 MUHIMYM

OOoOooad

150. 3a0anue OT™MeTHTE NPABUIIBHBIN OTBET
3aBHCUMOCTP MarHUTHOH BOCIIPHHMYHBOCTH
beppoMarHeTukoB (¥p) OT TeMIepaTypsl B

151. 3a0anue OT™MeEThTE IPABUIBHBIN OTBET
WHAayKIMsT MarHUTHOTO IO MarHUTHOTO
MOMEHTa 3JEMEHTapHOr0 TOKa YOBIBaeT C

obGuactu BhIie Temiepatypsl Kiopu (To): pacCTOSIHUEM:

0 xg~(T-To) [ xp~T/To 0 ~rt 0 ~r? 0~

1 yo~TolT O xe~1/ (T-To)2 0 ~r# [0 ~r°

[ xa~(T-To)

152. 3a0anue OT™MeETHTE MPABUIIBHBIN OTBET 153. 3a0anue OT™MeThTE PABUIBHBIN OTBET
Ha »neMeHTapHblii TOK €  MAarHUTHBIM | SIBjieHHE XO0JU1a BO3HUKAET MO AEHCTBUEM:
MOMEHTOM p),, B MATHHTHOM I10JIe MHAyKIMeH | [ MOIepevHbIX APYr K APYTY SJIEKTPUYECKOTO
5 . . i U TEIUIOBOTO (Pa3HOCTh TEMIIEPATyp) Moje

B neiicTByeT Bpamarommii MOMEHT:

. [J IpOJOJIBHBIX APYT K APYTY IEKTPUUECKOTO

1 pmB-sina ¥ MarHUTHOTO TIOJICH

Up mB'CO?“ [J momepeyHbIX IPYT K APYTY IEKTPUUYECKOTO
[ pmB-1-sina ¥ MATHUTHOTO TI0JIEH

[ pmB-S-sina, [J mpoAONBHBIX APYT K APYry MarHUTHOTO U
0 I-B-sina TEIUIOBOTO TOJIEH

[] momepeyHbIX JAPYT K JPYry MarHUTHOTO M




TEIUIOBOTO MOJIEH

154. 3a0anue OT™MeThTE IPAaBUIILHBIN OTBET

155. 3a0anue OT™MeThTE TIPAaBUIIBLHBIN OTBET

Yacrora 1apMOpPOBOI NPELIECCUH €CTh: @opMyna, BbIpaXkarollas BeIUYUMHY CHIIBI,
nercrTByromeii Ha osinemedt Toka Idl B
0 4acToTa OpOWTaIbHOTO  JIBHKEHUS N
MarHiTHOM TIOJIE C UHAYKIHeH B :
AJIEKTPOHA — I
[] wacToTra KoyeGaHui HOHOB PEILETKH O dF = u,ld¢xB
O 4acTOTa JIOMOJHUTEIBHOM  yIJIOBOU - dE = Mo |d7 < B
CKOPOCTH 3JICKTPOHOB BEIECTBA B MArHUTHOM 4
noe
0 yacTota, oOycnoBnenHas crmHOM | ] dF = Ho 147« B
3JIEKTPOHA 2
[] dactora KoJIeOaHUW AIEKTPOHOB BEIIECTBA 0 27 Lt Id? < B
MoJ1 ICKICTBHEM MIEPEMEHHOT0 OISt R
0 1d¢xB
156. 3a0oanue OT™METHTE NMPABUILHBIN OTBET 157. 3a0oanue OT™MeThTE IPaBUIIBHBIN OTBET
WHaykiwss MarHUTHOTO TIOJIsE KpyroBoro Toka | @opmyna, He  BbIpaxkawomas O00bEMHYIO
C PaJlyCOM Ig B €r0 LIEHTpE: IJIOTHOCTH SHEPTUU MArHUTHOTO TTOJIS:
g Al gl el 0l 0B
27, 2r, Zn 2 2p
Mo Mo 2
U s
0 0 Hol

158. 3a0anue. OTMETHTE IPABUIbHBII OTBET
®opmynna, HE BBIpaYKArOIIast 3aKOH
AJIEKTPOMArHUTHON MHYKIIHUU:

L

T T
_ do
s
0 roté — — 8
ot
OE

rotB = yue—
0 H ot

O g:§§d§

159. 3a0anue. OTMETHTE IPABUIILHBIA OTBET
Emkocte konzmeHcaropa C, oOpasyrouero c
KaTYIIKOW MHIYKTUBHOCTU L Kosie0aTenbHBbIi
KOHTYp C COOCTBEHHOH 4acToToii fo:

1

C=—"—
27f L
o1
2rf;L
1
C=——
4z f, L
1
4%, L
1
27r2f02L

0

160. 3a0anue. OT™METHTE PABUIILHBIA OTBET
Jlorapudmuueckuil 1eKpeMeHT 3aTyXaHusl:

0 norapudM  U3MEHEHHS  aAMIUIATYIBI
Kosie0aHUH 3a eIMHUILY BpEMEHH

(1 morapudM OTHOCHTEIFHOTO W3MEHEHHS
noKaszarteJs 3aTyXaHus

0 morapuM  MoKazaTens
Kose0aHui

(1 morapudM OTHOCHTEIFHOTO W3MEHEHHS
aMIUTUTYAbI KoJIeOaHUH 32 OJTUH MEPHOA

3aTyXaHusd

161. 3a0anue. OTMETHTE PABUIIBLHBIA OTBET

[I1O0THOCTH TOKa CMEIIEHUs B CIIOJIHOM
KOHJIGHCAaTope, K KOTOPOMY  HPHIIOKEHO
NEPEMEHHOE  DJJIeKTPUYECKOe  Iojie  C
mHayKimeit 5,3-107 Kn/m? n gactoroii 6,28-10"
bcle AMm?):

097, 0O 33

0 16; 0O 047, [0 0,27

162. 3a0anue OTMETbTE IPABUIBHBIN OTBET
divD paBHa:

163. 3a0anue OTMETbTE PABUIBHBIN OTBET




(] 00BEeMHOW IUIOTHOCTH CBSI3AHHBIX 3apsIOB
Pcr

[} 00BEeMHOI MJIOTHOCTU CBOO. 3apsiiOB P

L ptpes

(] TIOBEPXHOCTHOW IIJIOTHOCTH CBOOOJIHBIX
3apsI0B

] HOBCpXHOCTHOﬁ INIOTHOCTHU CBSA3aHHBIX
3apsJI0B

div E
20

[l ImIOTHOCTH MOJIEKYJISIPHBIX TOKOB jM

paBHa:

[] IUJIOTHOCTH TOKA MPOBOJAUMOCTH |

0,
00
0=l

164. 3a0anue OT™METHTE NMPABUILHBIN OTBET
[lone pumoss, pacnoyioxkeHHOTo Ha ocu "y"
MOJIOKUTETIbHBIM ~ 3apsiioM  BBEpX,  Ha
HEKOTOPOM paccTosiHUM 1o ocu "X" oT ero
CepeNHbI, HAPABIEHO:

BBepx 1o ocu "y"

BHM3 110 ocu "y"

Hampaso 1o ocu "x"

Hajeso 1o ocu "x"

HAKJIOHEHO BHU3

(I R A I R A

165. 3a0oanue OT™MeETbTE IPABUILHBIN OTBET
YMeHbIlIEHHE  BEJIWYUHBI  COMPOTHUBIICHUS
Harpy3ku R, NOJIKIIFOYEHHOrO0 K HCTOYHHKY
OJIC ¢ BHyTpeHHMM comnpoTuBiieHHeM TI<R,
MIPUBOJUT B 3TOU HArpys3kKe K:

(] yMEHBIIEHUIO KOJIMYECTBA BBIJCICHHOU
TEIJIOThI

(] yBEeIMYEHUIO MOIIHOCTH

[J YMEHBILIEHUIO MOLLIHOCTH

[] HEM3MEHHOCTH MOIIIHOCTH

[] YBEITMYEHUIO HAIPSKEHUS

166. 3a0anue OTMETHTE IPABUIIbHBIN OTBET
OJC uHAYKIMH ONIpeesIeTCs:

O CKOPOCTBIO ~ M3MEHEHMs  IUIOLIA/IH,
MepeCceKaeMoil MarHUTHOM MHYKIIUEN

O CKOPOCTBIO WM3MEHEHUsI MAarHUTHOM
WHIYKUNU

[J CKOpPOCTBIO U3MEHEHUSI MArHUTHOTO TTOTOKA
(] MAarHuTHOM HWHIYKUUEW, INepeceKarouiei
3aMKHYTBIM KOHTYP

(] MarHUTHBIM IOTOKOM 4Ye€pe3 3aMKHYTHIN
KOHTYP

167. 3a0anue OTMETHTE MPABUIIbHBIN OTBET
@urypa, YCTAaHABIMBAKOIIAACI Ha DJKpaHe
ocuusuiorpada mpu mnojaye Ha BEPTUKAIBHO U
TOPU30HTAJILHO  OTKJIOHSIIOLIUE  IJIACTUHBI
COOTBETCTBEHHO TBYX TapMOHHYECKHUX
HampsDKeHUH OJHOW M TOHM Ke 4YacTOThl, HO
otnuyaromuecs mo dase Ha 90°:

[ HakKJIOHHas MpsMas

[J curycomupga

(] snunc Baob 1000 ocu

(] SuMnC, BBITSHYTBIH 110 BTOPOMY H
YETBEPTOMY KBaJpaHTaM
(] ouMIC, BBITAHYTBIM 10 NEPBOMY U

TpPEeTheMY KBaJpaHTaM

168. 3a0anue OT™MeETHTE PABUIBHBIN OTBET
JBa JIMHEWHBIX TOKQ, CO3/1aBACMBIX
JJIEKTPOHHBIMU ITyYKaMHU B BAKyyM€:

[J mpuTsaruBaroTcs

[] OTTaJIKUBAIOTCA

O ANEKTPUYECKUE W MAarHUTHBIE CHJIBI
KOMIIEHCUPYIOT ApYT Apyra
O B 3aBUCHUMOCTM OT BEJIMYHHBI TOKa

OTTAJIKMBAIOTCA UJIU MTPUTATUBAKOTCA

169. 3a0anue OT™MeEThTE MIPABUIBHBIN OTBET

I'apmoHnueckmit TOK KaTyIlIKH
WHyKTUBHOCTH, HaIpsHKCHUE KOTOpOH
MIOJ/IEPKUBACTCSA HEHU3MEHHBIM, ocJie
MOAKIIIOUEHUS napajjiebHO K HEU

KOHJICHCATOpa C TaKUM K€ COIPOTUBIICHUEM,
YTO U CONPOTUBJIEHUE KATYILIKHU:

[J Bo3pacraer; [] pe3ko BO3pacraer

UJ ymensmiaercsa;  [] pe3Ko yMEHBIIAETCsS
[] He u3MeHsercs

170. 3a0anue OT™METHTE IPABUIIBHBIN OTBET
HanpsokeHHOCTh  9JIEKTPUYECKOTO TIOJS BHE
METaJUINYeCKOl cdepbl, B LEHTpe KOTOPOi
HAaXOJUTCA 3apSKEHHBIN 11ap, CO3/1aeTCs:

] mosieM MOJO0XKHUTEIBHOTO 3apsa 1mapa

(] moneM WMHIYyIHPOBAHHOTO OTPHIIATEIIEHOTO
3apsijia BHYTPEHHEH MOBEPXHOCTH Cephl

171. 3a0anue OT™METHTE MIPABUIILHBIN OTBET
TpaexTopus 3apsDKEHHBIX 4aCTHI]
KOCMHMYECKOTO MPOCTPAHCTBA, JBHKYLIUXCS K
MMOBEPXHOCTU 3€MJIU, B €€ MarHUTHOM T10JIE:

U ipsAmas JINHUS

(] BUHTOBAas JIMHUSA

[l BHHTOBasl JIMHHUS C PacKPyUHMBAIOLIMMCS




[ momem HHAYOHUPOBAHHOI'O MMOJIOXKUTCIIBHOT'O
3apsi/ia BHEIIHEH MOBEPXHOCTH CEPHI
[] pana HyJro

panuycom
(] BUHTOBas JUHHS C 3aKPYYHBAIOIIIMCS
panuycom

172. 3a0anue OTMEThTE NMPABUILHBIN OTBET
HamnpskeHHOCTh  JIEKTPUYECKOTO  TMOJs B
cpeaHel yacTH 0e3rpaHuYHOro IIOCKOTO CIIOS
TOJIIMHOK 0 C paBHOMEPHO paclpeIe/ICHHbIM
3apsA70M IUIOCKOCTBIO P, paBHa:

o 2rd e el
& & 2¢,
SR 00
4g,

173. 3a0anue OT™MeThTE IPAaBUIIBHBIN OTBET
HamnpsbkeHHOCTh  JIEKTPUYECKOTO  TMOJs B
LEHTpE KBaJpara, co3/iaBaeMas
YEpeNyIOIMMUCS 10 3HAaKy OJIMHAKOBBIMH
3apsaamu Q, HaXOASIIMMUCS B €r0 BEpIINHAX:

2 2 2
0 Q 2 N Q 2 Q 2
ELL Areso 2ng,0
2
0 —Q—2 00
2ns,0

174. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET
Tpaekropust  d7eKTpOHa,  BIETAIOIIETO B
MPOCTPAHCTBO IIJIOCKOTO KOHJAEHCATOpa IOJ
HEKOTOPBIM YTJIOM K INIOCKOCTH OTPHUIIATEIILHO
3apsKEHHOW TIJIACTUHBI:

npsiMast JINHUS
napaboJa
OKPYXHOCTh
BUHTOBAs JIMHUS

OOoOnd

175. 3adanue OT™METHTE IPABUIBHBIN OTBET
DIJIEKTPOH-BOJIBT:

[ ckopocTb, mpuoOpeTaeMas IEKTPOHOM IMPH
IIPOXOXKJICHUU HanpskeHus B 1B

(] sHeprusi, mpuoOperaemas 3JIEKTPOHOM B
10JI€ HAIIPSKEHHOCTHIO B 1 B/M

(] ckopocTh, mpuoOperaemas 3JEKTPOHOM B
10JI€ HAIIPSKEHHOCTHIO B 1 B/M

[ sHeprus, npuoOperaemas IEKTPOHOM IIPH
IIPOXOXKICHUU HanpsikeHus B 1 B

(]  uMIynbC, MPHOOpETaeMBblii AIIEKTPOHOM B
€IMHUYHOM I10J1e

176. 3a0anue OTmeTbTE NIPaBUIIbHBIN OTBET
DNeKTpuYecKasi eMKOCTb:

] 3apsn enuHUIBI 00beMa MPOBOIHUKA

] 3aps eIMHUIBI TOBEPXHOCTH IIPOBOIHUKA
(]  moTeHUMald MPOBOAHHKA, HEOOXOIUMBIH
JUI U3MEHEHus ero 3apsaa Ha 1 Ki

L KOJIMYECTBO 3apsia IIPOBOJHUKA I
W3MEHEHHUs ero noreHuuana Ha 1 B

L KOJIMYECTBO 3apsia IIPOBOJHUKA I
U3MEHEHHs CO3/1aBa€MOIl UM HaIPsHKEHHOCTH
Ha 1 B/m

177. 3a0anue OTMETHTE NIPABUIBHBIN OTBET
HanpspkeHHOCTP  DIIEKTPUYECKOTO  TIOJIS
TOYEYHOTO 3apsijia B Bakyyme B cucteme CU:

q . q
S Urm

0
r Anr

4725:0I’2

O 47180%; O q

r g,r?

178. 3a0anue OT™MeETHTE PABUIIBHBIN OTBET
His M0CJIEI0BATEBHO COETMHEHHBIX
3apsKEHHBIX KOHJIEHCATOPOB:

179. 3a0anue OT™MeEThTE MPABUIBHBIN OTBET
Jlid mapasuieTbHO COETMHEHHBIX 3apsyKEHHBIX
KOHJICHCATOPOB:

[J HampspKeHUsd OIMHAKOBBI U 3apsabl OHUHAKOBEI

[ 3apsabl ONIMHAKOBEI L] 3apsbl CyMMHUpPYIOTCS

[J eMKOCTH OJJMHAKOBBI [J HampspDKeHUsA CYMMHUPYIOTCS

[ 3apsbl CyMMUpPYIOTCS U oOpaTHble  3HAUeHUs  eMKOCTei
[J eMKOCTH CYMMUPYIOTCS CYMMHUPYIOTCS

180. 3a0anue OT™MeETHTE IPABUIIBHBIN OTBET 181. 3a0anue OT™METHTE IPABUIIBHBIN OTBET
TaHreHuuanpHas cocrapisiromiast | Cuna  B3aMMOJEHCTBUSL  MEXAY  ABYyMS
HaNPsDKEHHOCTU  DJIEKTPUYECKOTO IO Y | OJUHAKOBBIMU M PasHOMMEHHO 3apsKEHHBIMU
IIOBEPXHOCTH  3apsDKEHHOIO  IIPOBOJHMKA | IIapaMHU IIPU  BHECEHUUM B IPOCTPAHCTBO
OIIpeleIIIETC: MEXy HUMH JIUDJIEKTPUYECKON NAIOYKHU:

[] 00BbEMHOM INIOTHOCTBIO 3aps/I0B
(] MOBEPXHOCTHOM MJIOTHOCTBIO 3apsI10B
[] TOJIHBIM 3apsiiOM COCPEIOTOYEHHBIM Ha

U YMEHBIIAETCS
JIURJIEKTPUYECKON CPebl
[] ymeHbIIaeTcs U3-3a I0JIsl NOJISIPU3ALNKT

n3-3a HajIn4gus




MOBEPXHOCTH
[] paBHa HYIIIO;
[l IOJHBIM 3apAa0M IMPOBOJHUKA

[J He MeHsAeTCA
[J yBemnuuBaercs

182. 3a0anue OT™METHTE NMPABUIILHBIN OTBET
DnexTpuueckas MOIIHOCTb IMOTPEOUTENs IpU
YBEJIMUEHUU €r0 CONPOTUBIICHUS:

(] Bospacraer; [] yMeHbHIaeTcs

[J He u3meHseTcs

1 Bospactaer npu R>r u yosiBaet npu R<r

[ Bo3pacraer npu R<r u yosiBaet npu R>r
(r — BHYTpEHHE CONPOTUBIICHUE HCTOYHHUKA)

183. 3aoanue OT™MeThTE IPAaBUIILHBIN OTBET
IlepBerii 3axoH (npasuiio) Kupxroda:

[J cyMMa TOKOB B LIETIH paBHA HYJIIO

[] cyMMa TOKOB KOHTYpa paHa HYJIIO

[J cymMMma TOKOB BCeX BETBEH KOHTypa paBHa
HYJIIO

[J cyMMa TOKOB B y3JI¢ paBHA HYIIIO

184. 3aoanue OT™METHTE NMPABUIILHBIN OTBET
Hamnpsixennocts 3IEKTPUUYECKOTO 10JIs
3apsKEHHONW OECKOHEYHOMW IUIaCTUHBI yOBIBACT
C YJQJICHUEM OT Hee COIJIacHO:

0 ~rt

~r

HC U3MCHACTCA

(I I I B A

185. 3a0oanue OT™MeThTE IPAaBUIIBHBIN OTBET
3aBUCUMOCTh BEKTOpa MOJISIpU3AILUU
MOJIAPHBIX ~ TUAJIEKTPUKOB OT  JTUIOJBHOTO
MOMEHTA UX MOJIEKYJI:

JIMHEWHAs

KBaJ[paTUIHAs

KyOuueckast

SKCIOHEHIIMAIbHAS

norapudmuueckas

N O I B A

186. 3a0anue. OTMETHTE IPABUIbHBII OTBET
['myOuHa MPOHUKHOBEHUS MIEPEMEHHOTO TOKa B
MPOBOJHUK TPH YBEIWYEHUH 4YAcTOTHl B 4
paza:

[ yBenuuuBaercs B 4 pasza

[ ymeHsbIIaercs B 4 pasa

[ yBennuyuBaeTcs B 2 pas3a

[ ymeHsbIIaercs B 2 pa3a

[] ymMeHbLIaeTCs B «/E pasa

187. 3a0anue. OTMETHTE IPABUIILHBIA OTBET
['myOuHa NPOHUKHOBEHUS IEPEMEHHOTO TOKa B
MIPOBOJTHUK OIIPEIEIISACTCS:

(1 yIOenbHBIM COIPOTHBIEHUEM Y, MarHUTHON
MIPOHUIIAEMOCTBIO U, 4acTOTOM f,
TMRICKTPUIECKOH MMPOHUIIAEMOCTHIO €
0yt vy, & f;

0egwf Hoyme

188. 3a0anue. OT™METHTE IPABUIILHBIA OTBET
JuroneHbIM MOMEHT MOJEKYJIBI,
oOpa3oBaHHBIN 3apsgamMu +q, +q, W -2q,
HaxXOZAIIMMHUCA B BEPIIMHAX PABHOCTOPOHHETO
TPEYTOJIbHUKA CO CTOPOHOH a:

0 a—;; 7 ag; 7 2aq;
[ J3aq; [ 2aq

189. 3a0anue OTMETHTE PABUIBHBIN OTBET
3apsOKEHHOE TEJIO0 B I0JE€ CHIBlL  TSKECTH,
I0TaB B TOPU30HTAIBHOE 3JIEKTPUUECKOE TOJIE,
IIPOJOJIKAET CBOM ITyTh:!

[J BepTHKaJIBLHO BHU3; [] TOPU3OHTAIBLHO

[] 1o BBIYKJION mapabose BHU3

[J 1o BOTHYTO# napa0oJie BHU3

[ 1o npsAIMOM HAaKJIOHHO BHU3

190. 3a0anue. OT™METHTE PABUIILHBIA OTBET

191. 3a0anue. OTMETHTE IPABUIIBLHBIA OTBET

HanpsokeHHOCTh  anekTpuyeckoro moiss B | CpeqHMii MOTOK BEKTOpa HANPSKEHHOCTH
[EHTPE TOHKOW HUTH B  TPOJOIBHOM | DJIEKTPUYECKOTO TOJS Yepe3 OJHY U3 TpaHeH
HamnpaBJlIeHUU, €caM Ha ee JuMHe [ | Ky0a, eciu 3apsiji q HaXOAUTCS B OJHOM U3 €ro
PaBHOMEPHO pacIpeeieH 3apss q: BEpPIIUH:
U] LZ; U] LZ; U] Lz U] q ; U] L; U] i

gyl 27yl Are,l 24¢, 12¢, B,

Lz; 10 0 i; 0] &

8rs,l 3&, &
192. 3a0anue. OTMETHTE IPABUIBHBIN OTBET 193. 3a0anue. OT™METHTE IPABUIBHBIN OTBET
HanpsokeHHOCTB AIIEKTPHYECKOTO nonst | [lorernman ANEKTPHUYECKOTO 0TSt
MOJIOKUTEIBHOIO ~ TOYEYHOTo  3apsja Ha | MOJOXKHUTEIBHOTO  TOYEYHOrO  3apsaa  Ha
TOBEPXHOCTH OECKOHEYHO MIPOBOJIAIIEH | TOBEPXHOCTH  OECKOHEUHOW  TPOBOJISAIIEH




IIJTaCTUHBI, HaXOIISIH_[eI\/JICSI Ha paCCTOSIHI/II/I a oT
3apsia:

IIJIaCTHUHBI, HaXO,Z[SIH.[eﬁCSI Ha paCCTOHHI/II/I a oT
3apsia:

a . 5 _9 . a
8zs,a drsa 27g,a
i; 00
7gya

q . q . q
2! 0 27 0 2
167s,a 8rs,a 4rs,a
o2 . Do
27e,a
194. 3a0anue OT™METHbTE NPABUIILHBIN OTBET
HanpsokeHHOCTh  DJIEKTPUYECKOro  IMOJIs,
co3jiaBaeMas JBYMSI MOJIOKHUTETHHO
3apsKECHHBIMU 0EeCKOHEYHBIMU
napaieIbHbIMU IUTACTHHAMU c
MOBEPXHOCTHOM  IUJIOTHOCTBIO G1 U O,
COOTBETCTBEHHO, CIIPaBa OT BTOPOM IJIACTHHBI:
0 Gt q % . B lo,+0;
) )
& & 2 &
0 %20 0 9to,
2 £

195. 3a0anue OT™MeThTE IPAaBUIIBHBIN OTBET
HanpsokeHHOCTh  DJIEKTPUYECKOro  MOJS,
co3/1aBacMasl IIOJIOKUTENBHO 3apsKEHHBIMU
OECKOHEYHBIMU MapaJUICIbHBIMU IIACTHHAMHU
C IIOBEPXHOCTHOM IUIOTHOCTBIO G1 U O,
COOTBETCTBEHHO, CJIEBA OT MEPBOI IJIACTHHBI:

o, +0, lo,+0 0,0
2 1. 1 2 - 2 1 .
N =271 g -x1772- g Z2_ 71
& 2 &, &
O. o, +0.
1. 1 2 -
0o =L N -t -2
& &

196. 3a0anue OTMETHTE NIPaBUIIbHBIN OTBET

HanpspkeHHOCT  9JEKTPUYECKOTO  TOJIS,
co3laBaeMasi TIOJIOKHUTEIBHO — 3apsHKEHHBIMU
OECKOHEYHBIMHU TapAIIICTbHBIMHA IUIACTHHAMU

C TMOBEPXHOCTHOW IUIOTHOCTBIO G1 H O3,
COOTBETCTBEHHO, B IMPOCTPAHCTBE MEKIY
[JIACTHHAMU:
3 0'2+01; B l02+0'1; E 02—0'1;
& 2 &, &
0 _0'1+02; q 90,
o €o

197. 3a0anue OTMETHTE IPABUIBHBIN OTBET
JIns yBenmMueHHs MJANbHOCTH PaIvoOCBsI3U C

KOCMHYECKUMH  KOpaOJisiMH B JBa pasa
Tpedyercs yBEITHMYCHNE MOIIHOCTH
nepeaaTynKa;

[ B 1 pa3 [] B2 pa3a

(] B4 pa3za [ B 8 pa3

[J B 16 pa3

198. 3a0anue OT™MeThTE MPABUIIBHBIN OTBET
[ToBepxHOCTHAs MJIOTHOCTH 3apsAja 1 U G2 Ha
00eHx CTOpOHaX MJIOCKOH IUIaCTHHBI, HECYIIEH
3apsil G, €clii Mo 00e CTOPOHBI OT Hee Ha
PacCTOSHUAX X1 U X2 HAXOAATCS MapajiesbHble
€Hl TUTACTUHBL:

X X2 [l o1=02 =0C; ] o1=02
=c/2
X

0 om0 gm0

X+ % X+ X,

X

O lea—xl , 0,=0—2—

X+ % X+ X,

199. 3a0anue OT™MeThTE MIPABUIBHBIN OTBET

IToBepxHOCTHAs MJIOTHOCTH 3apsijia G1 U G2 Ha
00enx CTOpOHaX MJIOCKOH IMIIACTUHBI, HECYIIeH
3aps] G, eclli Mo 00€ CTOPOHBI OT Hee Ha
PacCTOSHUAX X1 M X2 HaXOJATCS COCIUHEHHbIE

JApYr C JpYroM MapajieibHble ed  JBe
TUTACTUHBL:
lJ o1=02=0
[ o1=02=0/2
X
0 o=0—2 g =g
X, + X, X, + X,
X
0 o =0 a o,=0—=
X + X% X +X,

200. 3a0anue OT™MeTHTE NPABUIIBLHBIA OTBET

3apsi METaJNIMYeCKOro niapa BO  BHELIHEM
OJTHOPOJHOM 3JIEKTPUYECKOM I10JIE:
[]  paBHOMEPHO  pacHpefelieH IO  €ro

201. 3a0anue OT™MeThTE NPABUIBHBIA OTBET
Bpemss cBoOogHOro mpoOera HocuTenel
3apsila B KJIACCHMYECKOW TEOpPHHM METalIoB
€CTh:




MOBCPXHOCTHU U IMOJIOKHUTCIICH [ BpEMA, B TCUYCHHUC KOTOPOTO JJICKTPOH

(] paBHOMEpPHO pacmpeiesieH [0 €ro | MpOBOJUMOCTH,  OOJaJalomui  TEIIOBOM
MMOBEPXHOCTU U OTPHIIATEIICH CKOpPOCTBIO,  TIepeMemiaeTcs OT  OJHOTO
[ BCIOJly paBeH HYJIIO CTOJIKHOBEHHUS /10 IPYToro

O nonychepa MOBEPXHOCTH mapa, | [J]  BpeMs CyIIECTBOBaHHS JJICKTpPOHA B

oOpalieHHasi K IUTFOCY MCTOYHWKA BHEIIHETO | CBOOOJIHOM COCTOSIHUU

MOJIs, TOJOXHUTENbHA, a apyras moiycdepa | [1 Bpems, B TEUCHHE KOTOPOTO O3JIEKTPOH
OTpHIIaTeNIbHA MPOBOJUMOCTH 33 CYET BHENIHEro TOJI
O nonychepa MOBEPXHOCTH mrapa, | mepeMeriaeTcsi OT OJHOTO CTOJKHOBEHHS 0
oOpalieHHasi K IUTFOCY MCTOYHUKA BHEIIHETO | IPYroro

MoJisi, OTpULATeNbHA, a Jpyras mnoxycdepa | [| Bpems, B TEYEHHE KOTOPOTO CBOOOIHBIH
MOJIOYKUTEITbHA AEKTPOH  TUPPYHAMPYET  OT  OJHOTO
JIEKTPOJA JI0 APYTOro

202. 3a0anue OTMETHTE IPABUIILHBIA OTBET
W3menenne a3pl ¢ TrapMOHMYECKOrO TOKa YydacTKa LIEMH, COJEpKallero KaTylIKy
WHJyKTUBHOCTHU C CONPOTHUBJICHUEM ZL, TIOCIE MOJIKIIOUYEHHS MOCIEA0BATEIbHO K HE €MKOCTH

¢ conpoTusieHneM |Z|= %|ZL| ;

] yBenmuueHHE OTCTaBaHHMS [l yMeHbIIEHHE OTCTaBaHHS
[ omepexeHue [ Ap=0

203. 3a0anue OT™MeThTE MPABUIBHBIA OTBET
[Torennman B TOW e Touke 1, e€CiM HA PACCTOSIHMHM @ OT 3apsijia MOMECTHTh OCCKOHEYHYIO
MIPOBOAMMYIO MJIOCKOCTH (PHC.):

a

1
D_
Ne

3. METOJMYECKUE VKA3AHUS TI0 CAMOCTOSTEJIBHOM PABOTE
CTYAEHTOB 11 PEKOMEHJIALINU K ITPAKTUYECKHUM 3AHATUAM

Teopetnueckuit
HaumeHoBaHue pa3/ieiioB U TeM Perrenue 3aau tuna
MaTepHan

1. BBesieHUE B BEKTOPHBIN U TCH30PHBIH [3], ctp. 6-9; 13- | [3], Ne 1.9, 1.13, 1.25, 1.28,
aHaJIM3 15 1.38,1.42,1.48,1.55, 1.63
2. IIpuHIMIT OTHOCUTEIILHOCTH 1], ctp. 13-43 [3], Ne 3.5-3.8
3. PenstuBHCTCKAs MEXaHHMKA [1], cTp. 44-68 [3], Ne 4.20-4.22
4. 3apsiz1 B 3IEKTPOMArHUTHOM T10JTE [1], cTp. 69-97 [3], Ne 4.73-4.76
5. YpaBHEHUs! 3JIEKTPOMArHUTHOTO TOJIS [1], cTp. 98-127 [3], Ne 3.82-3.84
6. I[TocTOsTHHOE AIIEKTPOMArHUTHOE TIONEe [1], cp. 128-152 | [3], Ne 2.27-2.29; Ne 2.47-2.49
7. DNEeKTPOMArHUTHBIE BOJIHBI [1], cp. 153-181 | [3], Ne 2.89-2.90
8. PactipocTpaneHue cBera [1], cTp. 182-219 | [3], Ne 10.2-10.4
9. [one MBIKYIIMXCS 3apsIOB [1], ctp. 220-234 | [3], Ne 5.47-5.48
10. Mi3ny4eHwne 2IeKTPOMAarHUTHBIX BOJIH [1], ctp. 225-303 | [3], Ne 5.71-5.72
11. DieKTpocTaTUTKa MPOBOJHUKOB [2], cTp. 13-58 [3], Ne 7.27-.729
12. DnekTpocTaTuka JUIIEKTPUKOB [2], cTp. 59-135 [3], Ne 7.1-7.3




13. IToCTOSIHHBIH YTEKTPUUSCKUN TOK [2], cTp. 126-161 | [3], N2 8.1-8.4

14. TTocTOSITHHOE MArHUTHOE TI0JIE [2], ctp. 162-196 | [3], Ne 8.35-8.37
15. beppomarteTHsM i [2], c1p. 197-267 | [3], Ne 8.16-8.18
aHTU(EPPOMATHETH3M

16. CBepXMpOBOAUMOCTD [2], cTp. 268-292 | [3], Ne 8.62-8.63
17. KBasucraioHapHOE dJICKTPOMArHUTHOE [2]. ctp. 293-328 | [4], Ne 350-354
110JIE > 1P ST

18. MaruuTHast THIPOAMHAMHUKA [2], ctp. 329-374 | [4], Ne 860-862
19. YpaBHEHUs 3JI€KTPOMArHHBIX BOJIH [2], ctp. 375-420 | [3], Ne 414-421
20. PacnpocTpaHeHue 3J€KTPOMarHUTHBIX [2], ctp. 421-476 | [3], Ne 10.1-10.2
BOJIH > C1P- T '

21. DneKTpoOMarHUTpHbIE BOJIHBI B

[2], cTp. 477-513 | [3], Ne 10.26-10.27
AHU30TPOIIHBIX Cpeaax

22. [IpocTpaHCTBEHHAs IUCTICPCHS [2], ctp. 514-531 | [3], Ne 10.38

23. HenuHeiiHast onTHKa [2], cTp. 532-562 | [3], Ne 10.37

24. TIpoxoxxaeHre OBICTPBIX YacTHUI Yepes3 [2], crp. 563-587 | [3], Ne 10.9
BEIIIECTBO

25. PaccesiHHE JIEKTPOMArHbIX BOJIH [2], cTp. 588-624 | [3], Ne 10.44-10.46
26. lndpakuust peHTTeHOBCKUX JIy4Yel B [2], crp. 625-643 | [3], Ne 10.53
KpHCTaJuIax

Tpebosanus x petimune-koumpono. B TedeHue ceMectpa JBa pasza (Ha MOIYJIBHBIX
HeJIeTsAX) He0OX0UMO:

1) cpaTh mpemnojaBaTeII0 PEIICHUS JOMAITHUX 3aj]ad, MOJYYCHHBIX W3 YKa3aHHBIX
COOpPHMKOB 3a/1a4 (IMTPUMEPHI TUIIOBBIX 3a7a4 MPHUBEJEHBI B pa3jene 2) — 10 25 6aios;
2) TOKa3aTh KOHCHCKTHI JCKIIUH M CEMUHAPCKUX 3aHATHI — 10 10 0aios.

3) OTBETHUTh HA BOIPOCHI MPOMEXKYTOUYHOH aTTECTAllMM W TecTa (IPHBEICHBI B
pazaenax 1 u 2) — no 25 Ganios.

VIl. MaTepuajibHO-TeXHUYeCKOe o0ecriedeHne

HaumenoBanue OcHaleHHOCTh IIepeyeHb JTMIIEH3MOHHOTO
CHeNMAJIbHBIX IOMelleHHil | ClelHAJbHBIX MOMELIeH!H | MPOrpaMMHOro odecnevyeHms.
U NIOMeLeHUH /I PexBu3uThl
CaMOCTOSITeIbHON padoThl NOATBEPKAAI0LIEro
AOKYMEHTA
Jlexmonnast aynmutopust Ne | 1 Muxkmepnsiii  myneT | Google Chrome — 6ecrinato
226 (170002 Teepckas 06:1., | Yamaha MG-124C | Kaspersky Endpoint Security 10
r. TBepp, CanoBelii mep., A. |2 Aynuokommuiekt (Muk. | 11 Windows — AKT Ha
35) IyJbT, aKyCT. YCHWIUTENb, | nepenady npas Ne2129 or 25
aKyCT. cucrema, | okta0ps 2016 r.
paanocucTema) MS Office 365 pro plus - Akr
3 HurtepakTuBHasg cucrema | npuema-nepenadu Ne 369 or 21
SMART Board 660i4 | wrons 2017
4 Mynerumenuiinsiii | Microsoft Windows 10
IIPOEKTOP Epson EB- | Enterprise - AxT mnpuema-
4850WU ¢ mnoronouHbM | epegaun Ne 369 or 21 wmronsd




KperJieHueM

5 TenekoMMyHUKaIMOHHBIN
mKad HITK-M-18.6.6-
3AAA c MTOJIKAaMM
6 TenekoOMMYHUKaLMOHHBIN
mkad [ITK-M-18.6.6-
3AAA c MOJIKAaMK
7 OKpaH HACTCHHBIN
ScreenMedia 213*213

(M082-08156)

8 Kommerorep iRU Corp 510
15-2400/4096/500/G210-
512/DVD-
RW/W7S/monuTop E-
Machines E220HQVB 21,5’
9 KomrmiekT y4eOHOU
Mebenn Ha 110 mocamodHbIX
MECT

2017

IHomemenus 11 caMOCTOATEIbHOM Pa0OThI:

HaumeHnoBaHue OcHameHHocTh nomemenuii aJs | [lepeyens JIMI[€H3MOHHOT O
MoMenieHuit CaMOCTOSITEJILHOH PadoThI MPOrPAMMHOI0 00ecTieYeHns.

PexkBU3HUTHI

NMOATBEP KAAI0NIer0 JOKYMEHTA
[Momemenne st | 1. Kommbetorep RAMEC STORM | Adobe Acrobat Reader DC -
CaMOCTOSTEIILHOMN C2D 4600/160Gb/ 256mB/DVD- | 6ecruiarHo
paboTHI, yueOnas | RW +Monurop LG TFT 17" | Cadence SPB/OfCAD 16.6 -
ayIuTopus i | L1753S-SF — 12 mt | [ocynapcTBeHHBII  KOHTPAKT Ha
IpOoBeACHUS 3aHATHH | 2. MylbTUMEIUIHBIA  KOMIUIEKT | IOCTaBKY JIMLIEH3UOHHBIX
JIEKIIMOHHOTO THIa, | yueOHOro kiacca (Bapuant Ne 2) | mporpammHbIx mpoayktoB 103 -
3aHATHH [TpoexTop Casio XJ-M140, | I'K/09 oT 15.06.2009
CEMHHApPCKOTO THIIA, | HACTCHHBIH mpoeki. 3kpaH Lumien | Google Chrome -  GecruiatHo
KypCOBOT'O 180*180. noytOyk Dell N4050. | Java SE Development Kit 8 Update
POEKTUPOBAHUS CyMKa 15,6", mbimb | 45 (64-bit) - OGecratHO
(BBITIOJTHEHUS 3. KommyTatop D-Link | Kaspersky Endpoint Security 10 s
KypcoBbIx  pabot), | 10/100/1000mbps  16-potr DGS- | Windows — Akt Ha miepeady mpas
rPyHIOBBIX u | 1016D Ne2129 or 25 okta6ps 2016 T.
WHIUBUTyaIbHBIX 4. Buneoxamepa IP-FALCON EYE | Lazarus 14.0 -  OGecmiarHo
KOHCYJIbTaIH, FE-IPC-BL200P, OwnJlaitn Tpeiin | Lego MINDSTORM EV3 -
Tekyuero koHtposs | OO0 OecruIaTHo
U mpomexyTtouHoii | 5. Buneokamepa IP-FALCON EYE | Mathcad 15 MO010 - Akr

aTTecTallly,
NPaKTHUKH,
KomnerorepHslit
KJ1acc ¢buzuko-
TEXHUYECKOTO
dakynpTeTa.
KomnrerorepHas
naboparopus
POOOTOTEXHUYECKUX
cucreM Neda

(170002 Teepckas

FE-IPC-BL200P, OwunJlaitn Tpeiin
000

6. JleMoHCTpaoHHOE
obopynoBaHue
«LegoMidstormsEV3»
7. KommuiekT yueOHOM Mebenu

KOMIIJIEKT

npenocrasnenus npas 11C00000027
ot 16.09.2011

MATLAB R2012b - Akt
nipenoctaiienus mpas Ne Us000311
ot 25.09.2012

Microsoft Express Studio 4 -
OecIuIaTHo

MiKTeX 2.9 — 6ecriarso

MPICH 64-bit — 6ecruiatrao
MSXML 4.0 SP2 Parser and SDK —
OecIuIaTHo




001

Canoserit miep., 1. 35)

. T. TBeps,

Microsoft Windows 10 Enterprise -
Ax nipuema-niepenaun Ne 369 or 21
mos 2017
MS Office 365 pro plus - Akr
npuema-niepenaun Ne 369 or 21
nrogist 2017

VIll. CBenenusi 00 00HOBJIeHUN padovell MPOrpaMMbl TUCHUILTHHBI

Ne m.m. OOGHOBJICHHBIN pa3aesn Onuncanue BHECEHHBIX PexBU3HUTHI TOKYMEHTA,
pabodeii mporpaMMbl W3MEHEHUHI YTBEPAUBILETO
TUCIIAILINHEI W3MEHEHHUS
1.




