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1. llean ocBOEHMSI AN CIMIIJIMHBI

Lenpro ocBoeHuss auCHMILIMHBI «KBaHTOBBIE MPOLIECCH BO BHEIIHEH aKTUBHOW Cpene»
SABJISICTCSI TIPUOOpETEHHE CTYyJCHTAMU 3HAaHUW M YMEHHH 110 HWCCIEAOBAHHUIO TPOIECCOB C
y4acTHEM »JJEMEHTAPHBIX YaCTHIl B YCJOBHSX AaKTUBHOW acTpOPU3UYECKOW Cpenbl — B
AJICKTPOMArHUTHOM TIOJIE U TIJIa3Me.

2. Mecto aucuuniuHbl B cTpykrype OII marucrparypsl

JucuunnuHa «KBaHTOBBIE TIpoliecchl BO BHEUIHEM aKTMBHOW Cpele»  sABIAETCSA
muctummHo brioka 1, wactu, dopMupyeMoil ydacTHHKamMH 0Opa3oBaTeNbHBIX OTHOLICHHI,
nosunus b1.B.07.

JucuunnuHa «KBaHTOBBIE IIpoleccbl BO BHEIIHEW AKTUBHOM Cpele»  SABISIETCS
3aBEPIUAIOLICH B IIOCTPOCHUHM TEOPUU B3aUMOJACUCTBYIOLIUX II0JIE€H, HAXOMUTCA HA IEPEIHEM
Kpae (pyH/IaMEHTAJIbHbIX HayYHbIX UCCIIEIOBAaHUI B TEOPUH 3JIEMEHTAPHBIX YaCTULl U OTKPHIBAET
IIMPOKKUE BO3MOXKHOCTH B IPUJIOKEHUU (PU3UKU YACTHILL K aCTpO(U3UKe U KOCMOJIOTHH.

JIist oBiIaieHNsl TaHHOM JUCLUIUIMHOW CTYZEHTHI TOJKHBI 3HATh OCHOBBI AUCIIUIUIMH IIUKJIA
«Teopernyeckast  ¢u3uKay,  JUCHMIUIMHBL  «MeToabpl ~ MaTeMaTHYecKOM  (U3UKU»,
«/lononHutenpHple TNAaBbl MareMaTudeckod ¢u3ukm», «KBaHTOBas 3IEKTPOAMHAMUKAY,
«PaguanuoHHbIe TONIPABKU U TEOPUs IIEPEHOPMUPOBOKY.

3. [Inanupyemblie  pe3yabTaTbl  O0y4YeHMsI 10 JMCOMILIMHE, COOTHECEHHbIE €
IUIAHMPYeMbIMH pe3yiabTaTamu ocBoeHusi OIl marucrpaTypsbl

[Iponiecc u3yyeHHs AUCLUILIMHBI HAlIPpaBieH Ha (GOPMUPOBAHHE CIEAYIOIIUX JIEMEHTOB
xomnereHuud B coorserctBuu ¢ ®I'OC BO, OIl BO u npuoOpereHus: ciaenyroumux 3HAHUH,
YMEHUH, HaBBIKOB U (WJIM) OIBITA 1EATEIILHOCTH:

®opmupyemasn Nupukarop nocTHKeHus IlepeyeHpb MIAHNPYEMBIX Pe3yJbTATOB
KOMIIETCHIMS KOMIIeTeH MU o0yuenust
(kox m (ko1 u popMyJIHPOBKA)
¢opmyauposka)
IIpodeccnonabHble KOMIETEHIIHH
K-1 NA-IIK-1_1 3HaTh
Cnocoben 3HAEeT TEOPETHIECKUE METOIBI | @  0000LIeHHe ypaBHeHus Jlupaka s
OCYIICCTBJIATh NPOBCACHUS U aHAIN3a BOJIHOBOM (PyHKLIMU U JJIS IporaraTopa
HAy4HO- HayYHBIX UCCIICIOBAHUI 3apsDKEHHOTO (DEPMHUOHA, C BKITIOUCHHEM
HCCIEN0BATEILCKY BHEIIHETO IEKTPOMArHUTHOTO ITOJIS.
10 JEATEIBHOCTD IO Ymerb
pEIIEeHUI0 ® [OJyYyaTh BOJHOBBIE (DYHKILIWH,
KOMIIICKCHBIX OIKCBIBAIOIINE 3JIEKTPOH B MATHUTHOM U
(yHnamMeHTaIbHBIX CKPEIICHHOM MOJIAX, [10JIy4aTh BEIPAXKEHNUE
3a7a4 QU3NKH JUIS TIpOIIAaraTopa 3JI€KTPOHA B MATHUTHOM
I10JI€ HECKOJIbKUMH METOAAMMU.
Buanere Hagpikamu
®  HaXOXJEHUS pellIeHUl ypaBHeHUs Jupaka
JUIS BOTHOBOW (D)YHKLMH U IJIs1 Iporararopa
3apsPKEHHOrO (DEPMHUOHA, C BKIIOUCHUEM
BHEIIIHETO AIEKTPOMAarHUTHOTO I1OJIS.




4. O0beM, CTPYKTYpPA U CO/iepPKAHME TN CHUIITTHHbBI

OO61mmas TpyA0eMKOCTh TUCHIHUIUINHBI COCTaBISAET 3 3a4eTHbIE enuHuUIbl, 108 akas. Jyacos.

Ne Tembl (pa3eJibl) C Buasbl y4eOHBIX 3aHATHH, DopMbl TEKYIIIEr0
n/n JUCHUIIMHBI, e BKJIIOYasi CAMOCTOSITEIbHYK) | KOHTPOJISI YCIIeBAeMOCTH
HX co/iep:KaHue M padoTy CTYAEHTOB,
ec U UX TPYA0eMKOCTh dopMa POMeKYTOUHOI
T (B akageMHU4eCKUX Yacax) aTTecTAlMHU
p (no cemecmpam)
KonTakTHas padora
JIC p Ja KO aT caM
K | ak | 6o | HC | Te | ocro
nn TH pa yia CT ATCII
(S TO bT alf bHas
CK | pH | af | wo | pab
nue bIC nn HH oTa
bIC
uc
II
bIT
aH
nsi
1 |Pemenue ypaBHenus Jupaka| 4 6 6 1 12 3anaHus s
BO BHEITHEM MarHMTHOM CaMOCTOSITETTHHON paOOTHI
noJie
2 |IIpomaratop 351€KTpOHa BO 4 114 | 14 2 28 3anaHus 1
BHEILIHEM MarHUTHOM I10JI€ CaMOCTOSITeTIHHON pabOThI
3 |Pemenue ypaBHenus upaka| 4 4 4 1 8 3amganus amis
IUTS JIEKTPOHA B MOJIE CaMOCTOSITeTTbHON pabOThI
IJTOCKOM 3JIEKTPOMAarHUTHOU
BOJIHBI
4 03| 7.7 3aueTr
Bceero 3a 4 cemecTp 24 | 24 4 103 | 55,7
Bcero 24 | 24 4 |03 | 55,7

Conep:xxanue pa3ie/ioB IUCHUIIHHBI:

1. Pemenne ypaBHeHusi /lupaxka BoO BHeIIHEM MarHUTHOM I0JIe

1.1.

1.2.

1.3.

1.4.

L.5.

1.6.

VYpaBHenue [lupaka A 3J€KTpOHA B IOCTOSHHOM OJHOPOJHOM MarHUTHOM IOJi€ B
¢dopme ypaBHenus Llpénunrepa.

Omnepatop 00001IEHHOM CUPATBHOCTH, €T0 KOMMYTATOpP C TaMHWJIBTOHHAHOM YpPaBHEHHUS
Hupaka.

Oneparop 000011I€HHOTO0 MarHUTHOTO MOMEHTa, €r0 KOMMYTATOp C raMUJIbTOHHAHOM
ypaBHeHus Jlupaka.

Bouncnenue cOOCTBEHHBIX 3HAueHHMM W COOCTBEHHBIX (YHKUMH omepaTopa
00001IIEeHHOW CTUPANIBHOCTH AJI 3JEKTPOHA B MOCTOSIHHOM OJHOPOJHOM MarHUTHOM
TI0JIE: PELIEHUS C MOJIOKUTEILHOW U OTPULIATENILHOM dHEPrUeH.

[locTpoeHre HOPMHpOBAHHBIX pELICHUHM YypaBHEHMs Jlupaka Ui DJIEKTpOHA BO
BHEITHEM MAarHUTHOM TIOJIe, KaK COOCTBEHHBIX (YHKIMI orepaTopa 000OIIEHHOTO
MarHUTHOIO MOMEHTa, Ha OCHOBE COOCTBEHHBIX (YHKIMH omepaTopa 0000IIeHHON
CIIMPAJIBHOCTH: PEUICHUS C TIOJIOKUTEIBHON U OTPULIATEIIbHON SHEPTUEH.
JloKa3aTenbCcTBO OPTOTOHAJIBHOCTH PA3JIMYHBIX DPEIIEHUN ypaBHeHus Jlupaka i
9JIEKTpOHA BO BHEIIHEM MAarHMUTHOM TIOJe, KaKk COOCTBEHHBIX (YHKLHUH omepaTopa




0000IIEHHOT0 MAarHUTHOTO MOMEHTA: PEILICHUS C TOJIOKUTEIIbHOW M OTpHULIATEIbHON
SHEPTrHUEH.

2. Ilponmararop 3JIeKTpPOHA BO BHEIIIHEM MATrHMUTHOM I10JIe

2.1. [locTpoenne mnpomaraTopa 3J€KTPOHA BO BHEUIHEM MAarHUTHOM II0JIE Ha OCHOBE
pemenuii ypaBHeHusi [[upaka, kak cOOCTBEHHBIX (DYHKIMI omepaTopa 00OOIIEHHOTO
MarHMTHOTO MOMEHTA.

2.2. Beruucnenne (ypbe-o0Opaza mporararopa 3JIeKTpoHa BO BHEITHEM MarHWTHOM TIOJIE€ Ha
OCHOBE IIBUHI€POBCKOT'O BBIPAKEHUSI.

2.3. AHanu3 pa3nuYHBIX NpPEICTaBICHUN HEMHBAPHUAHTHOW (ha3pl mpomararopa 3apsHKeHHOU
YaCTULbI BO BHELITHEM MarHUTHOM IIOJI€.

2.4. Beruucnenne cymMmapHOW (asbl At TPEXBEPIIMHHOW M YETHIPEXBEPIIMHHON METIH BO
BHEIIHEM MarHUTHOM IIOJIE.

2.5. Iloctpoenue mpormnaratopa 3aps>KeHHOM MACCHBHOW CKaJISIPHOM YacTHIIBI BO BHEIIHEM
MarHUTHOM II0JI€ ONIEPATOPHBIM METOOM.

2.6. Iloctpoenue mnpomnararopa 3JEKTPOHA BO BHEIIHEM MAarHUTHOM II0OJIE OMEPAaTOPHBIM
METOJIOM.

3. Pemenue ypaBHeHus Jlupaxa as 3J1eKTPOHA B 10J1€ IJIOCKOH 3JIeKTPOMATrHUTHOM
BOJIHBI

3.1. Ilomyuenne pemeHus ypaBHeHus Jlupaka Ui 9JIEKTpOHAa B IIOJIE  IUIOCKOM
9JIEKTPOMArHUTHOM BOJIHBI (pemieHus Boikosa), mpoBepka ero npaBHJIBHOCTH HPSAMOMA
MOJICTAHOBKOM B YpaBHEHHUE.

3.2. [lonyuenue perieHusi ypaBHeHus Jlupaka Asi 3JIE€KTPOHA B MOCTOSHHOM OIHOPOTHOM
CKPELICHHOM IIOJIE M B II0J€ JIMHEMHO M  ULUPKYJSPHO  IOJISIPU30BAHHOMU
MOHOXPOMAaTHYECKOM BOJHBI HA OCHOBE PEIICHUS B MOJE IUIOCKOW 3JEKTPOMArHUTHOMN
BOJIHBI.

5. Oopa3oBare/ibHbIE TEXHOJIOTHH, B TOM 4YHCJ€ TEXHOJOTHU IJIEKTPOHHOr0 O0Oy4eHUs W
AUCTAHIMOHHBIE 00pa3oBaTe/IbHbIE TEXHOJOTHH, HCHOJb3yeMble NPH OCYIIECTBJICHUH
00pa30BaTeJILHOIO MPoIecca Mo JUCIUIIIHHE

B nponecce 00yueHus CIONB3YIOTCS ClEAYyIOIINe 00pa3oBaTeIbHbIE TEXHOIOTUN:

BBoaHasi JiekmMsi — JaeT IIEpBOE LEJIOCTHOE IPEACTaBICHUE O JUCLUIUIMHE U
OPUEHTUPYET CTYACHTAa B CHCTEME W3YyYEHHs NAaHHOW JUCHMILUIMHBL. CTYyIEHTBI 3HAKOMSTCS C
Ha3HAUEHHEM W 3a/ladaMU Kypca, €ro poJibl0 M MECTOM B CHCTEME yUEOHBIX JAWUCIUILIUH U B
cucTeMe IMOATOTOBKM B LeioM. Jlaercs kpaTkuil 0030p Kypca, UCTOPHsI pa3BUTHs HAayKH U
NPaKTUKH, JOCTIXKEHHUS B 3TOH cdepe, UMeHa U3BECTHBIX YUCHBIX, M3JIaraloTCs MEePCIEKTUBHBIC
HalpaBJieHUuss uccienoBaHuil. Ha 3TOM  JeKuuM  BBICKa3bIBAlOTCA  METONMYECKUE U
OpraHu3alMOHHBIE OCOOCHHOCTH pabOThl B pamMKax JaHHOW ITUCHUIUIMHBL, a TaKXKe JaeTcs
aHaJIM3 PEKOMEHIyeMOH yueOHO-METOIMUECKOM TUTepaTyphl.

AkaneMHuyecKasi JIeKIUsl C 3JIeMEHTaMH JIeKIMH-0eceAbl — II0CIIEOBATEIbHOE
M3JI0’)KEHUE MaTepHalla, OCYLIECTBIIIEMOE TPEUMYIIIECTBEHHO B BUJIE MOHOJIOTA MPETOJaBaTelIs.
DneMeHTHl JeKIuu-Oecenbl 00eCcneunBalOT KOHTAKT TpemnojaBareis ¢ ayJuTopuei, YTo
NO3BOJISIET TNPUBJIEKATh BHUMAHUE CTYJCHTOB K HauOosiee Ba)KHBIM TeMaM JUCLUIUIMHBL,
aKTUBHO BOBJEKAaTb MX B Y4eOHBIH Mpolecc, KOHTPOJIUPOBATH TEMI H3JIOKEHUS Y4eOHOTO
MaTepuaia B 3aBUCUMOCTH OT YPOBHS €r0 BOCIIPUATHS.

IIpakTHYeckoe 3aHATHE — 3aHATUE, IOCBAIICHHOE OCBOCHUIO KOHKPETHBIX YMEHUH U
HaBBIKOB I10 3aKPEIUICHHIO ITOYYCHHBIX Ha JIEKIUY 3HAaHUM.

KoncyabTanum — BujA y4eOHBIX 3aHATHH, SBISIOUIMICA OAHOM U3 (QOpPM KOHTPOIIA
CaMOCTOSITENIbHOW ~ paboThl  CcTyAeHTOB. Ha KoHcynmpTanmMsax 1O IpockOe CTyAEHTOB
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paccMaTpruBarOTCA HanOoJIee CJI0KHBIE MOMEHTBI IIpu OCBOCHHUH MaTcpuajlia IAUCHHUIUIUHBI,
nopenoaaBaTeiib OTBCYACT Ha BOIPOCHBI CTYACHTOB, KOTOPBLIC BO3HUKAIOT Y HHUX B IIPOLECCE
CaMOCTOSTEIbHOMN pa60TBI.

6. Ilepeyenb JMLIEH3MOHHOTO M (WJHM) CBOOOJHO PACHPOCTPAHSIEMOr0 NPOrPaMMHOIO
olecrieyeHusi, HMCNOJb3YyeMOro IPH OCYLIECTBJIEHUM O00pPa30BATeJLHOIO Ipolecca Mo
AUCHHUILINHE

B mpouecce ocymiectBieHuss o0pa3oBaTeNbHOTO  Mpolecca IO  JAUCHUIUIMHE
UCIIOJIb3YIOTCS:

Ui (popMHpOBaHUS MaTEPUANIOB JJIsl TEKYIIErOo KOHTPOJISI YCIEBAEMOCTU U MPOBEACHUS
IPOMEKYTOUHOW aTTecTaluu, 11 POPMUPOBAHUS METOIUUYECKUX MAaTEPUAIOB 110 AUCIUIINHE:

- nporpammbl Microsoft Office;

- uznarenbckas cucrema LaTex;

- Adobe Acrobat Reader.

7. llepeyeHb coBpeMeHHBIX NpPO(ecCHOHANBHBIX 0a3 AaHHBIX M HMHG(OPMALHOHHBIX
CIPABOYHBIX CHCTEM, HCI0JIb3yeMbIX NPH OCYIEeCTBJICHUH 00pa30BaTeIbHOIO Mpolecca 1no
JUCHUIIMHE (IPU He00XO0AUMOCTH)
B nmpomecce ocymiecTBieHus — 00pa30BaTENBHOrO — Mpolecca MO JUCHUIUIMHE
UCIOJIB3YIOTCS:
1.  ABromarusupoBaHHas OubnuoreuHo-uH(popmanuonHas cuctema «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk cat find.php
2. Hayunas 6ubnunoreka Ha caiite www.poiskknig.ru
3. Hayunas sHuukionenus Ha caifre http://elementy.ru/physics
4. Hayunas snextponnas 6ubnuorexka eLIBRARY.RU Ha caiite http://elibrary.ru/

8. IlepeyeHbr OCHOBHOWI M  JIONOJHHUTENbHOM Yy4e0HOW JIMTEPaTypbl, PecypcoB
HH(POPMANIMOHHO-TEJIEKOMMYHUKAUMOHHOH ceTn  «UHTepHeT», HEOOXOAUMBIX JJsl
OCBOCHMS AMCHUNIMHBI

a) OCHOBHAas JIUTEpaTypa
1. Kysuenos A.B., Muxees H.B. Dnektpociadblie mporecchl BO BHEIIHEH aKTUBHOM cpefe:
mMoHorpadus. Apocnasis: SApl'Y,2010.
http://www.lib.uniyar.ac.ru/edocs/iuni/20100730.pdf
2. Kyznenos A.B., SI610koB C.H. [Iponaratopsl 3apsi»KEHHBIX YaCTHIl BO BHEIITHEM
MarHuTHOM ToJie: yue0.-meTo 1. mocodue. Apocnasnb: SApl'Y, 2021.
https://portal.uniyar.ac.ru/upload/publications/11323.pdf

0) JOMOJIHUTeIbLHAS JIUTEpaTypa

1. Bbepecreuknii B. b., JIudum E. M., [Tutaesckuii JI. I1. Teopernueckas ¢puznka:
yueOHoe nocobue. B 10 1. T. 4. KBanToBas anektpoaunamuka. M.: ®uzmatnut, 2006.
716 c.
http://www.lib.uniyar.ac.ru/opac/bk_cat card.php?rec_id=914351&cat_cd=YARSU

2. boromo6os H. H., lTupkos /[. B. BBeneHune B Teoprio KBAaHTOBAHHBIX TTOJICH. M.:
Hayxka, 1984. 600 c.
http://www.lib.uniyar.ac.ru/opac/bk cat card.php?rec id=299849&cat cd=YARSU

9. MaTepnajbHO-TeXHH4YecKasi 0a3a, He0OXoAUMAast /ISl OCYILEeCTBICHHA 00Pa30BATEJILHOIO
npouecca no AUCHHILINHE

MarepuanbHo-TexHHUYeCKas 0a3za, He0OXoAUMas JJIsl OCYIIECTBICHUsI 00pa30BaTEIbLHOIO
npoliecca 1o AUCLUILIMHE BKIIOYAET B CBOM COCTAB CHELMAIbHBIE [IOMEILCHHS:

- yueOHble ayIUTOPHH Il IPOBEICHUS 3aHATUH JIEKLIMOHHOTO TUIIA;



- yueOHbIe ayIMTOPHH ISl IPOBEICHUS MPAKTHUECKUX 3aHATHH (CEeMHUHAPOB);

- y4eOHbIe ayTMTOPHH ISl TIPOBEICHHSI TPYTIIOBBIX M WHAWBUIYAIBHBIX KOHCYIIbTAIIHN;

- yueOHble ayJWTOPUHM [UIS MPOBEACHUS TEKYLIET0 KOHTPOJS M INPOMEXKYTOUHOMH
aTTeCTAIlHu;

- IOMEUICHHUS JJIsl CAMOCTOSITENTbHON pabOThI;

- MOMEUICHUST ISl XpaHeHWs W TPO(QHUIAKTHYECKOTO OOCITYKUBAaHUS TEXHUYECKHX
CPEICTB O0yUeHUSI.

[Tomemienust 11 caMOCTOSITENBHON pabOThl 00Y4YaIOUIMXCS OCHAIIEHbl KOMITbIOTEPHOM
TEXHUKOM C BO3MOXKHOCTBIO MOAKIIOUEHHS K ceTh «MHTepHeT» M obecredeHuneM AocTyma K
AJIEKTPOHHOU MH(POpMAIIMOHHO-00pa3oBaTenpHOM cpene AplY.

ABTOD:
[Tpodeccop kadenps A.B. Ky3HeroB
TeopeTudecKkon (pU3uKH, 1.¢.-M.H.




IIpunioxenne Nel k paboueil nporpaMme AUCHHUIIMHBI
«KBaHTOBBIC MPoOLECCH] BO BHELIHEH aKTUBHOM cpele»

DoH/I OLICHOYHBIX CPEACTB
AJISI MPOBEACHUA TEKYILETI0O KOHTPOJIA YCIIEBAEMOCTH
U IPOMEKYTOYHOH ATTECTALUH CTYAEHTOB
mo AMCIMIIJINHE

1. Tunosble KOHTPOJIbHBIC 3a/I1aHUS 1 UHBIC MaTE€pHUaJbl,
HCMOJb3yEMbIC B MPOLECCE TCKYIIECIr0 KOHTPOJIA YCIIEBACMOCTH

3agaHus A1 CaMOCTOSITEIbHON PadoThI
(Oanmuvie 3a0anus 8bINOIHAIOMCA CIMYOEHMOM CAMOCMOAMENLHO
u npenooagsamenem 8 0043amenbHOM NOPAOKe He NPOBEPSIOMCSL)

3aganus A8 caMocTosITe1bHOM padoTsl Ne 1

Jlokasatk, 4TO onepaTrop 00O0OIEHHON CIUPATLHOCTH KOMMYTUPYET ¢ TaMUJIBTOHUAHOM
ypaBHeHust [{upaka Ji1si 37€KTpOHa B IOCTOSTHHOM OJIHOPOJAHOM MarHUTHOM II0JIE.
Jlokasatk, 4TO onepaTrop 000OIIEHHOI0 MArHUTHOTO MOMEHTa KOMMYTHPYET C
raMUIbTOHMAHOM ypaBHEHUS Jupaka AJis 3JIeKTPOHA B IOCTOSSHHOM OJHOPOHOM
MarHuTHOM II0JIE.

Haiitu co6cTBEeHHBIC 3HAYEHUS U COOCTBEHHBIC (DYHKITUU orepaTopa 0000IIEHHOM
CIUPAJIbHOCTHU AJIS DJIEKTPOHA B IIOCTOSSHHOM OZAHOPOJHOM MarHUTHOM IIOJIE.

Ha ocHoBe coOcTBEeHHBIX (YHKIIMI oniepaTopa 00001EHHON CIUPaIbHOCTH IOCTPOUTH
HOPMHPOBAHHBIE PeLIeHUs ypaBHeHU Jlupaka JUlsl 3JIeKTPOHA BO BHEIIIHEM MarHUTHOM
1oJie, Kak cCOOCTBEHHbIE (PYHKIIMU ornepaTopa 0000IIEHHOIO MarHUTHOTO MOMEHTA.

3agaHus A9 caMoCTOsITeIbHON padoThl Ne 2
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[TocTpouts npomnaraTop 3J€KTpOHA BO BHEIIHEM MarHUTHOM I10JI€ HA OCHOBE PELICHHH
ypaBHeHus Jlupaka, kak cOOCTBeHHBIX (PyHKIIUI omepaTopa 0000IIEHHOTO MAarHUTHOTO
MOMEHTA.

Boruncnute @ypbe-06pa3 TpaHCISIUOHHO U KATUOPOBOYHO MHBAPUAHTHOM YacTH
IporaraTopa 3J1eKTpoHa B IOCTOSIHHOM OJJTHOPOJIHOM MAarHUTHOM I1oJie B (hopMain3mMe
co0ctBeHHoro BpeMenu ®oka—IIIBuHrepa.

[IpeoOpazoBatk mpomararop IEKTPOHa BO BHEITHEM MarHUTHOM TToJie U3 (hopMain3mMa
co0ctBeHHOro BpeMenu ®oka—IIIBuHrepa B popmanusm pasznokeHus mo ypoBHsm Jlannay.
[IpeobpazoBarh mpomnaraTop 3JIEKTPOHA BO BHEITHEM MarHUTHOM T0Jie, B (hopMain3me
cooctBeHHOro BpeMeHu ®oka—IIIBuHrepa, k npeaeny CKpeueHHOro moJs.

Boruncnute @ypbe-00pa3 mpornararopa 3J1eKTpoHa B CKPELIEHHOM HOJIE.
[Ipoananu3upoBaTh pa3InyHble IPEICTaBICHUS HEMHBAPHUAHTHOM (a3bl pormaratopa
3apsKEHHON YaCTUIbI BO BHEIIHEM MarHUTHOM II0JI€, BBIYMCIUTh CYMMapHYo (asy s
TPEXBEPILIMHHON NETJIM BO BHEIIHEM MarHUTHOM ITOJIE.

[Ipoananu3upoBaTh pa3IuyHbIC TIPEICTABICHNUS HEMHBAPHAHTHON (pa3bl mpormaratopa
3apsHKEHHON YaCTUIBI BO BHEIITHEM MAarHUTHOM TOJI€, BBIYMCIUTh CYMMapHYo a3y s
YEeThIPEXBEPILINHHON METIN BO BHEIIHEM MarHUTHOM IIOJI€.

[ToctpouTe mnpomaratop 3apsHKEHHOM MAaCCUBHOM CKAJSIPHOM YacTUIBI BO BHEIIHEM
MarHMTHOM II0JI€ ONIEPATOPHBIM METOOM.

[TocTpouts npomnaratop 3J€KTpOHA BO BHEIIHEM MarHUTHOM I10JI€ OIIEPaTOPHBIM METOJIOM.



3aganus 1018 caMOCTOSITeIbHOI padoThl Ne 3

1. Haiitu pemenue ypaBHeHMs [lupaka JUIs 2J€KTpOHA B MOJE IMJIOCKON 3JIEKTPOMArHUTHOMN
BOJIHBI (pemieHue BonkoBa), MpoBepuUTh €ro NPaBUIBHOCTH NPSIMON IOJACTaHOBKOI B
YpaBHEHHUE.

2. Ha ocHOBe pemeHus ypaBHeHus Jlupaka [ DJIEKTpOHA B TOJE  IJIOCKOU
9JIEKTPOMArHUTHON BOJIHBI IIOCTPOUTH PEIICHHS B IIOCTOSSHHOM OJHOPOJHOM CKPELIEHHOM
T10JI€, B I10JIE€ JINHEWHO U HUPKYJSIPHO MOJIIPU30BAaHHOM MOHOXPOMAaTUYECKON BOJIHBI.

2. Cnucok BOnpocoB U (WJIN) 3aJaHUI 1JIs1 POBeAeHHUs IPOMEeKYTOYHOM aTTecTaluu
Cnucok BONPOCOB K 324€Ty

1. Jlokazare, uTo omepaTop 0OOOIIEHHON CIUPaATIbHOCTH KOMMYTHUPYET C raMIJIbTOHUAHOM
ypaBHeHus Jlupaka uisl 3J1€KTpOHA B IOCTOSIHHOM OJTHOPOJHOM MAarHUTHOM IIOJIE.

2. Jlokazatp, 4TO omepaTop OOOOHIEHHOIO MarHUTHOIO MOMEHTa KOMMYTHPYET C
raMWIbTOHMAHOM YypaBHEHHUs Jlupaka 1 3J€KTpOHAa B IOCTOSIHHOM OJHOPOIHOM
MarHUTHOM IIOJI€.

3. Haiftu coOCTBeHHBIE 3HAUYEHHs M COOCTBEHHBbIC (YHKIIMH ormepaTopa 0000IIEeHHOM
CHUPAJIBLHOCTHU ISl 3JIEKTPOHA B IIOCTOSIHHOM OJHOPOJHOM MAarHUTHOM I0JIE: PELICHHUSI C
IIOJIOKUTENBHON YHEPTUEN.

4. Haiitu coOcTBeHHBIC 3HAUYECHUS W COOCTBEHHbIE (QYHKIHUU OImeparopa 000OIICHHON
CIUPAJIBLHOCTHU YISl 3JIEKTPOHA B IIOCTOSIHHOM OJAHOPOJHOM MAarHUTHOM I10JIE: PELIEHMUSI C
OTPULIATEIILHON YHEPTUEH.

5. Ha ocHoBe coOCTBEHHBIX (PyHKIMI oreparopa 000OIIEHHOW CIHUPaTBbHOCTH MOCTPOUTH
HOPMHUPOBaHHbIE pelIeHUs ypaBHeHUs [lupaka JUisl 3J€KTpOHA BO BHEIIHEM MAarHUTHOM
noje, Kak COOCTBEHHbIE (YHKIMH omeparopa OOOOLIEHHOT0O MAarHUTHOIO MOMEHTA:
peLIeHus C NOJIOKUTEIBHOW SHEPTUEN.

6. Ha ocHoBe coOCTBEHHBIX (PyHKIMI oreparopa 0OOOIIEHHOW CIHUPaTBbHOCTH MOCTPOUTH
HOPMHUPOBaHHbIE pelleHNs ypaBHeHUs [lupaka JUisl 3J€KTpOHA BO BHEIIHEM MarHUTHOM
noje, Kak COOCTBEHHbIe (YHKIMH omepaTropa OOOOLIEHHOTO MAarHUTHOIO MOMEHTA:
pELICHHS ¢ OTPUIATEIbHON SHEPTUEH.

7. Jloka3aTb OpTOTOHAIBHOCTh PA3IUYHBIX pEUICHUIN ypaBHEHUA Jlupaka s 3J€KTpOHA BO
BHEIITHEM MAarHUTHOM TIOJie, KaK COOCTBEHHBIX (YHKIMH ormepaTopa 0000IIEHHOTO
MarHUTHOTO MOMEHTA: PEUICHHS C MOJIOKUTETLHONU YHEPTHEH.

8. JlokazaTh OpPTOrOHaJbHOCTh Pa3IMUYHBIX pElIeHUN ypaBHEHUs Jlupaka ajs 3J€KTpOoHa BO
BHEIITHEM MAarHUTHOM TIOJie, KaK COOCTBEHHBIX (YHKIMH omepaTopa 0000IIEHHOTO
MarHMUTHOTO MOMEHTA: PELICHHs C OTPULIATEIbHON SHEPTUEH.

9. TlocTpouTs mpomaratop 3JeKTPOHA BO BHEIIHEM MAarHUTHOM II0JIE Ha OCHOBE pEIICHHIA
ypaBHeHUs1 Jupaka, Kak COOCTBEHHBIX (DYHKIIHMI orepaTropa 0000IIEHHOTO MarHUTHOTO
MOMEHTA.

10. Ha ocHOBe IIBMHIE€pPOBCKOIO BBIPAXKEHUS [UIsl MpOIAararopa NIEKTPOHA BO BHEIIHEM
MarHUTHOM I0JI€ BBIYHCIUTH €r0 Pyphe-00pas.

11. [Ipoananu3upoBaTh pa3IUYHBIE IMPEICTaBICHUS HEHMHBAPHMAHTHOW (a3bl IMpomaratopa
3apsHKEHHON YaCTHUIIbl BO BHEIIIHEM MAarHUTHOM TIOJI€, BEIUUCIUTh CYMMapHYIO a3y s
TPEXBEPIINHHOM METIN BO BHELITHEM MarHUTHOM HOJIE.

12. Tlpoananu3upoBaTh pa3iIWyHbIE NPEACTABICHUS HEUHBAPUAHTHOM (a3pl Ipomararopa
3apsHDKEHHON YaCTHIBI BO BHEITHEM MAarHUTHOM TI0JI€, BBIYUCIUTH CyMMAapHYIO (asy Juis
YEeTHIPEXBEPIIUHHOM METIN BO BHEITHEM MarHUTHOM TOJIE.

13. IlocTpouTs mpomaraTop 3apsDKEHHONM MAacCHBHOM CKaJSIPHOM YacTHIl BO BHEIIHEM
MarHUTHOM I10JI€ ONIEPATOPHBIM METO/IOM.

14. IloctpouTs mpomaratop 3JE€KTPOHA BO BHEIIHEM MAarHUTHOM II0JI€ OINEPaTOPHBIM



METOJIOM.

15. Haittu pemienue ypaBHenus [[upaka st 3J€KTpOHA B MOJIE TIOCKOM 3JIEKTPOMAarHuTHOM
BOJHBI (pemieHue BonkoBa), mpoBepUTh €ro MPaBUIBHOCTH MPSIMOM MOJCTAaHOBKOW B
ypaBHEHHUE.

16. Ha ocHoBe pemenuss ypaBHeHus Jlupaka [ DdJEKTpoHAa B TOJI€ IUIOCKOM
SJIEKTPOMArHUTHOM  BOJHBI MOCTPOMTH PEHICHHS B MOCTOSHHOM  OJHOPOJHOM
CKpEIIEHHOM  I0Jie, B  IMOJE€ JIMHEWHO W  LUPKYJISIPHO  IOJSPU30BAHHOM
MOHOXPOMAaTHYECKOUN BOJIHBI.

Onucanue nponenypbl BHICTABJICHUS OLEHKH

OneHka «3a4T€HO» BBICTABISIETCSl CTYACHTY, NPOSBUBIIEMY Ha MEpOINPUATUU
IIPOMEKYTOUHON aTTeCTAllUU CIEAYIOIINE YMEHUS U HaBBIKU:

- CryseHT mnpaBwibHO (OPMYIHPYET TIOCTAHOBKY 3a/ladyM, OIpPEICNIeT METON ee
peleHust, IPOBOAUT MPOCTEHIINI aHaIu3 MOJIYYEHHOIO pe3yibTaTa, B TOM YHUCIe, ONpeesnseT
IPaHULbl €r0 MIPUMEHUMOCTH;

- CTyieHT BiajieeT HaBbIKAMM IPOBEAEHUS CIOXKHBIX BBIUUCIEHHH O] pPyKOBOACTBOM
npenojaBaTessi, MOXET OOBSCHUTH IPOBEJCHHBIE BBIYHUCICHUS, MOXET CaMOCTOSTEIHHO
BBINOJIHUTH MPOCTEHIIINE BBIYUCICHHUS, UCIIONIB3Ys almnapar MaTeMaTH4eCKOH M TeopeTHYeCKOn
bu3uKy;

- CTyneHT MOXeT JenaTh OMIMOKH, HO JOJDKEH MX UCHPABIATH CAMOCTOSITENBHO MOCHE
JIOTIOJTHUTENBHBIX (HABOASILNX) BOIIPOCOB MPENOIaBaTENS.

OneHka «HE 3aYTEHO» BBICTABISETCS CTYAEHTY, IPOSIBUBIIEMY Ha MEpONPUATUI
IIPOMEXKYTOYHOM aTTECTAllMM YMEHUS Y HaBBIKH CJIEIYIOLIETO YPOBHS:

— CryneHT He MOXET BBIIOJHUTH ITOCTAHOBKY 3aJadM, HE MOXET ONPEICIIUTh METOJ €€
pEeLIeHNs U IPOBECTH J1aXKe MPOCTEHUIINI aHAIU3 MOJIyYEHHOTO pe3yibTaTa.

— CryneHT HE MOXeT TMPOBECTH CaMOCTOATEIbHO Jake 0a30Bbl€ BBIYMCICHHUS C
UCIIOJIb30BaHUEM armapara MaTeMaTHYeCKOW M TeOopeTHYecKOW (U3MKHU, HE MOXKET
NOSICHUTH BBIYMCIICHUS, NPOBENCHHBIE HA MPAKTUYECKUX 3aHATUAX 0] PyKOBOICTBOM
IIpEeroaaBaTess.
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IIpunioxenne Ne2 k padboueil nporpaMme AUCHHUIIIMHBI
«KBaHTOBBIC MPoOLECCH] BO BHELIHEH aKTUBHOM cpele»

MeToandecKkue YKazaHudA AJd CTYACHTOB IO OCBOCHUIO TUCHUIIJIUHDI

ba3zoBoif ¢opmoii yueOHoro mnpouecca no aucuuminHe «KBaHTOBBIE mpolecCH BO
BHEIIHEH AaKTUBHOW cpeae» SBISIOTCA MPaKTUYECKHE 3aHSATHS, KOTOpble IpeIBapsIoOTCs
COITyTCTBYIOIIMMH JIEKIIMOHHBIMU 3aHATUAMHU. JTO CBSI3aHO ¢ HEOOXOAMMOCTHIO ()OPMHUPOBAHUS
HaBbIKOB CaMOCTOSITEJIbHBIX BBIYMCIEHUN B KBAaHTOBOM TEOPUU MOJS MPH HAJIWYUM BHEIIHEN
AKTUBHOU CpEJIbI.

Jlji yCHemHOoro OCBOEHUs! AUCHUIIMHBI OYE€Hb BaXHO PEIIeHHE JOCTATOYHO OOJIBIIOrO
KOJIMYECTBA 3a]a4, KaK B ayJUTOPUHU, TaK U CAMOCTOSATEIbHO B KAUECTBE JOMAIIHUX 3aJaHHM.
[Ipumepsl pemienus 3amayd  pa3OuparoTcsi Ha JIEKUMSAX M TMPAKTUYECKUX 3aHIATHUSIX, MpU
HEOOXOIMMOCTH 10 Hambosiee TPYIHBIM T€MaM IMPOBOASTCS JOMOJIHUTENIbHbBIE KOHCYJIbTALHH.
OcHoBHasl 1eNb pelIeHusl 3aJa4 — MOMOYb YCBOUTh METOJbl KBAaHTOBOH TEOPHM MOJS MpU
HaJIMYMU BHEIIHEH aKTUBHOM cpenbl. s perienus Bcex 3a7ay He0OX0IUMO 3HATh U MOHUMATh
JeKUMOHHbI Matepuan. I[loatomy B mpouecce H3y4YeHHs JUCHMIUIMHBI PEKOMEHIYEeTCs
peryJsipHoe IIOBTOPEHHE IIPONJEHHOTO JIEKLIHOHHOTO Marepuana. Marepuann,
3aKOHCIIEKTUPOBAHHBIA Ha JEKIUSAX, HEOOXOAMMO JoMa elle pa3 npopaldaTeiBaThb W IMpU
HEOOXOIMMOCTH JOMNOJHATh HMH(pOpMalMel, MOJYYEeHHOM Ha KOHCYJIbTALUAX, MPAKTHYECKUX
3aHATUAX WIK U3 y4eOHOW JTUTEpaTyphl.

bonbuioe BHMMaHUE JOKHO OBITh Y/AEICHO BBINOJIHEHHUIO JOMalIHed paboTel. B
KayecTBEe 3a/laHui Il CaMOCTOSATENbHOM paboThl JOMa CTYyJEHTaM MpeJJlararTcs 3ajau,
aHAJIOTUYHBIE PAa300paHHBIM Ha JEKIUSAX M TNPAKTUUECKUX 3aHATUSAX WIM HEMHoOro oOosee
CJIOKHBIE, KOTOPBIE SIBJISIFOTCS PE3yJIbTaTOM O0bEIMHEHUSI HECKOJIbKUX 0a30BbIX 3a/1a4.

Jlisi MpoBEpKM M KOHTPOJSI YCBOEHHSI TEOPETUYECKOro Marepuana, MpUOOpPEeTEHHbIX
IPAKTUYECKUX HaBBIKOB pabOThI C KBAHTOBOIIOJIEBBIM allllapaToM BO BHELIHEH aKTHUBHOMU cpejie B
TedeHue 00yueHHs IPOBOJATCS KOHCYIbTAMK (TP HEOOXO0AUMOCTH) 0 pa30opy 3adaHuil JUIs
CaMOCTOSITENIbHOM pabOThl, KOTOPBIE BHI3BAIIN 3aTPYIHEHMUS.

B xoHI1IE M3y4YeHHs AMCLUIUIMHBI CTyACHTHI CAAIOT 3a4eT. CaMOCTOsATENbHAS TOATOTOBKA
K 3a4eTy IPOBOAMUTCS B IOCIETHIOI HENEII CEeMEecTpa M, MO HEOOXOJWMOCTH, BO3MOXKHA
IpyNIoBasi KOHCYJIbTaLHs.

OcBouTb BOIIPOCHI, H3JIaraéMble B MpOLECCe M3y4YeHUs AUCUUIUIMHBI «KBaHTOBBIE
IIPOLIECCHI BO BHEIIHEH AKTUBHOW CpEIe» CaMOCTOSATENBHO CTYJIEHTY KpalHE CJIO0XKHO. OJTO
CBSI3aHO CO CIJIOKHOCTBIO HM3ydaeMoro MaTepuaia ¥ OoipmmM o0beMoM Kypca. IloaTomy
HOCEIIEHUE BCEX ayJUTOPHBIX 3aHATHH SBISETCA COBEpIIEHHO HEOOXOAMMBIM. be3 ymopHbIX u
PEeryJSIpHBIX 3aHATUH B TEYEHHE CEMECTpa CAAaTh 3aueT IO WTOraM HU3YyYEHHUs TUCIUILIMHBI
CTYJEHTY IPAKTUYECKH HEBO3MOKHO.



