Vcnosus caadmn ak3ameHa no kypcy Knaccnyeckue kanubposoyHele nons’”
(ocenb 2017)

K sx3aMeny TOTyCKalOTCd CTYIEHTHI, CAABIINE 33391 KOJIOKBUYMOB.

3apaum K ak3ameHy no Kypcy “Knaccuyeckme kanmbpoeoyHble nons’
(oceHb 2017)

1. IacTanToOH B MOZeJ M N-MOJIs.

CouTOH B MOJIE/TM N-TIOJIST MOYKHO PACCMATPUBAThL U KAK WHCTAHTOH B JBYMEPHOM €BKJIHI0BOM
MIPOCTPaHCTBE-BPEMEHU.

1) /laTh MHTEPIpETAINIO COTUTOHHOIO PEIEHNs B TEPMUHAX TYHHETHHOTO IPOMECCa, MPOUCXO-
JSIIETO B TEOPUM N-TIOJAA B JIByMEPHOM TPOCTPaHCTBe-BpeMenn MHUHKOBCKOTO, JeficTBHE KOTOPO
nMeeT BUJT
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2) BugonsMeHuM STy JIBYMEPHYIO MOJETh, TOOABUB K JEHCTBUIO CIaraeMoe

AS = /d2x)\(g03 —1)%,

rme A — melicTBuTebHBIN mapamerp. Halitu kpaccuyueckwmit BakyyMm u chaiepoH B MOAECU C fefi-
creueM (S + AS) (Morrona, Bund, 1989).

2. Kputudeckuii 3apsa B MOJIeJIN ¢ KOPOTKO/IEHCTBUEM.
Boobpasum aroMm, cBA3aHHBIN KOPOTKOJIEHCTBYIONIUM IEHTPAJIBHO-CAMMETPUIHBIM BEKTOPHBIM 10~
JaeM

A():—Z(S(T—R) 5 AZ(T) :0,

rae R - paguyc, a Z — 3apaf aapa. 3apsa] 37AeKTPOHa 10 OTHOIIEHHIO K MO0 A, MOJI0KeH PaBHBIM
e=+1.

1. Ilpu xaxux 3HAYEHUSX Z, R CYIIECTBYIOT CBSI3AHHBIE COCTOSIHUS JIEKTPOHOB B TOJIE sd1pa’
MN306pasuth cooTBeTcTBYIONYIO 006/1aCcTh Ha mIockocTu Z — R. Halitn sHepruio m BOJHOBYIO
PYHKIINIO OCHOBHOTO cocTosuusi. Paccmorpers caydam mR > 1, mR < 1, roe m - macca
9JEKTPOHA.

2. Haittu kpurnueckoe 3uavenue 3apana Ze(R), 1pu KOTOPOM OCHOBHOM 3/JIEKTPOHHBIH YPOBEHb
pacTBOpHETCS B JIMPAKOBCKOM MOPE.

3. TlpercraBuM 3KCIEPHUMEHT, B KOTOPOM 3aps saapa m3mMensiercss or £ = 0 710 Z > 7. 3a Xapak-
TepHOe Bpema T 3> m~'. CKOMbKO JacTHI(aHTHYACTHI]) POKIAETCA B TAKOM SKCIepHMeHTe?
Pacemorpers cayuan 7> R, T < R.

3. Paccesnne pepMuoOHOB HA KOCMHUYIECKON CTPYHE.
Paccmorpun (2 + 1)— mephbie MaccuBHBIE (DEPMUOHBI € IPOGHBIM 3JIEKTPUIECKUM 3apsagaom g > 0.
QepMHOHDLI HOMEIEHE B MoTeHnnal Aaponosa-boma
nj

Ag=0, Ai=—0(r — R)eij=—", (1)



rae R — pasmep menTpasbHOil wacTu norernuasna. Moxuo rpybo nmomarars, uro nose (1) cozmano
BuxpeMm A6pukocosa pasmepa R. Huxke 6ygem paceMaTpuBaTh JBa TpeacTaBaenns Marpun Jupaka

al =g, a? = s0? B=0c%,

OTJIMYAIOIIecd 3HaUueHneM napaMerpa s = £1.

(2)

e Ilokazarn, uro mpejcTasaenus (2) He SKBUBAJEHTHBI, T.e. HE MOTYT ObITH MEPEBEIEHBI APYT B

Jpyra IpeodbpasoBaHueM

ol > UUT B —UBUT,

rine U— yaurapuas marpurna. [lapamerp s 6yiaeM 0TOXKIECTBAATH C YABOSCHHBIM CIIUHOM hep-
MHOHA.

Paccmorpum depmuonbl B mosie BUXps HyJeBoro pasmepa, R = 0. Hamoxup ycioBue pery-
JIAPHOCTU BOJIHOBON (byHKImu npu r = 0, HaliTn Tounbie pemrenus ypapuenus: Jlupaka. Boi-
YUCIUTE aMILIUTY/ly PAacCesHus Ha BUXpe PepMUOHA, KOTOPBIN W3HAYAIBHO JBUTAJICHA BIOJIb
KOOPUHATHL z!'. Basucur am AMILIUTYIa OT Hapamerpa 7

Paccymorpum Temeps BUXPh KOHEYHOTO, HO MAJIOT0 paszmepa. Vcmoip3yd yCIoBre CITUBKY [IPH
r = R, Haiitu cobCTBEHHOSHEPIETUYECKIE BOJTHOBbIE (DYHKITMHU (PEPMUOHOB, “BbIKUBAOIINE B
npegene R — 0. CoBaiaroT Jiu OHU € BOJHOBbIMU (DYHKIIASIMU, IOy I€HHBIMU B TPEJIBLITY IIEM
nynakTe? HafiTu aMImTy/ly paccesiHusi Ha BUXPE KOHEYHOI'O, HO MAJIOI'0 Pa3Mepa.

Teneps paccmorpum (3 + 1)— mepHoe npocrpancTeo-Bpemsi. [lorenmmany (1) B sToM coaygae
COOTBETCTBYET KOCMHWYECKas CTPYHA — OJHOMEDHBI 00bEeKT, JEKTPUUIECKOe TI0JIe KOTOPOTo 00J1a-
JlaeT CBOMCTBOM TPAHC/IANMOHHON MHBAPUAHTHOCTH BAOIb KoopaumHarel 5 (A3 = 0, a ocraibHbie

KOMIIOHeHTbI A, naiorca BeipazkenueM (1)).

1. Tlokazarb, 9T0 BOIHOBBIE (DyHKIMKU (PEPMUOHOB, OOJIAIAONINX HYJIEBBIM HMITYJIHCOM BIOJb

KOOpAMHATH 2°, ommceiBaiores (2 + 1)— MepHBIM ypaBHenneM Jlupaka, IpmdeM IBa, ypaBHe-

HUSI ¢ S = 1 ONUCHIBAIOT JIBE HE33BUCHMBIE MOJISIPU3ANNAH P4 FeTBIPEXMEPHOTO (DepMUOHa.
Iloka3aTh, 9TO IPOEKINA CIIMHA Ha KOOPJMHATY T° IpejcTaBuMa B BHAE §° = so° /2. Hmxe
OyIeM UCITOIB30BATE JUHEHHO TOIsIPU30BAHHBIE (DEPMUOHBI

Py = cosythy +sinyp_ .

Haittu muddepennuanbhoe cedenne paccedanus do (¢ — 1b,/) MONSIPH30BAHHBIX (EPMUOHOB
Ha KOCMHUYECKOW CcTpyHe.

4. AkcuasbHasi CUMMeETPUsi M JJOMEHHbIE CTeHKMU.
Paccmorpum B (341) u3MepeHnsax TEOPHIO C JTArPAHKUAHOM

L=Ly+ L,
1 e? 7 7 750 v’ 2
;CO = _ZFP«VF:U*V + WGFMVF/“’ + ’I,Z)Z’)/MDuw — M¢e ° w + 5 (a;ﬁ) s
L1 = —v?m?(1 — cos¥),

rae Fl, = 0uAy — Onudy, Fu = €uupaFpy, A, — sneKTpoMaranTHOE 10JIe, 1) — (PepMHOHHOE IoJTe,

0 — ckaasipHOe L0JI€E.



1. Haittu ryiobanbible CHMMETPUN TEOPUH, & TAKXKe T/I0DAMbHBIE CHMMETPUN TEOPHUU C JIArPaH-
KuanoMm L.

2. BeimmcaThs ypaBHEHUsT JTBUXKEHUS.

3. Haiitu MHO2XKECTBO BaKyyMOB WM IIPOBECTH WX TOMOJIOTHYECKYIO Kjaccudpukaimo. [lokazars,
9TO B TEOPUH MMEIOTCSI KJIACCHIeCKNe Pelllennsl B BUe JIOMeHHBIX cTeHOK. Halttn momennyro
CTEHKY B 9BHOM BHJE.

4. N3yuntsb Moabl (hepMUOHHOTO TOJId Y BO BHEITHEM IOJI€ JOMEHHOM crenku. VccienoBars BO-
npoc o JioKaju3anuu (hbepMUOHHBIX COCTOSIHUN Ha cTeHKe. B TOHKOCTEHHOM Ipejiesie HAWTH
JIOKAJIN30BAHHBIE MOJIBI M HATUCATH i HUX 3bheKTuBHbIN (24 1)-MepHBIH JarpaHKuaH.

5. BzanmoeiiurBue KaandpoBOYHBIX HO30HOB.

Haititu B3anmojeifictBue KaanbpoBodnbix 6030HOB CTaHmapTHON Mojesn JAPYr C JAPYIOM U C
XUI'TCOBCKUM 603OHOM. HOKaBaT]), 4TO 9T BBaI/IMO,ZLeI'?ICTBI/IH MHBAPUAHTHBI OTHOCUTE/JIbHO KaHI/I6pO—
BOUHBIX Tpeobpazosannit u3 Uep,(1).

6. CP unBapuantaocth B CranmaprHoii Mojiejin.

1. Kak omeparop 3apsIoBOT0 compsizkerus jeiicTeyer Ha moasa fara-Mumica? 2. Masapuanren
sin bozouubI cekTop CranmaprHoit Mojenun otaocutesbao C u CP npeobpazosanuii? 3. usapuan-
Ten Jin 6030HHBIH cekTop CranmapTaoit Monenn orHocuTebH0 C u CP mpeobpazoBammit?

7. ®oron-napadoronnsie ocuuisnuu (6).

PaccmoTprM eTBIpexXMepHyIo TeOpuIo IBYX abeIeBEIX BeKTOPHLIX oJelt A, u By, ¢ IarpamKuanoM

1 1
2 Fw o = 5 BBy = 5 Fuw By — m’B>,
rae F,, = 0,A,—0,A,, a B, = 0,B,—0,B,. PaccMoTpuM 5KCIIEPIMEHT, COCTOATIII 13 HCTOTHIKA
" preMHNKa GOTOHOB, pa3eaeHHbx paccrosaueM 2L. ITocepennne MexR Ty NCTOUHUKOM U TIPHEM-
HUKOM YCTaHOBJIEHA TOHKAsl CBETOHEIPOHUIaeMas CTeHKa. VICTOUHUK MCIyCKaeT B HAIPABJICHUN HA
OpUeMHUK j OTOHOB B CEKYHIY (IIy9OK CBeTa He Tossipu3oBaH). HailTu ckopocTh perucrparuu ji
GOTOHOB MPUEMHWKOM, €CJIM BCA CHCTEMa MTOMEIeHa B CBETOHENPOHUIAeMbIi anmK. PaccmoTpers
crygam: (a) B ampke BakyyM; (6) B AIUKe KUIKOCTH € [OKA3aTeTeM IIPEJOMJICHUS N; (B) B AMIA-
Ke IJIa3Ma ¢ IJIOTHOCTHIO 3JIEKTPOHOB Me. YKazaHue: B Takoil mjiazme (pyHKIUN OTKIMKA HOTOHOB
3AJTAT0TCST COOTHONTEHUSAMA T4 = wg, T = wg — k2| rie miasmentas qactota wy = 4wamn,/me, me
— Macca JIeKTPOHA, (v — IOCTOSHHAST TOHKOW cTPYKTYypbl. [lapamerp cmemmanus Y < 1, gacrora
u3IydaeMbIX (PoToHOB w > m. llose B, ¢ BeecTBoM He B3anMOJEHCTBYeT.
8. Ilepeceuenne yposHeiil B (3 + 1)-mepHoii mogesn (5).

Paccmorpum 3apskentbie 6e3MaccoBbie (DEPMUOHBI B KyOMYECKOM sIIiuKe DOJILITTOTO pa3mepa L B
(3+41)-MepHOM TTPOCTPAHCTBE BO BHEIIHEM MTOCTOSHHOM MArHuTHOM mosie H, HanpaBJIeHHOM BJ0Jb
ocu z. ITycTb Ha HEKOTOPOE BPEMS T HA CUCTEMY HAKJIAJIBIBAETCS OJHOPOHOE SJIEKTPUIECKOe M0JIe
E, nampasnentoe BIob 0cH z. HafiTn m3Menenne qucest mpaBbIX U JeBBIX depMuonoB. CBA3aTh 9T0

n3MeHnenue ¢
/ FuF d'a o / E-Hd'z,
1

rae Fuy = 5€upaEpx. Cunrars, 4T0 BKAOYEHUE U BbIK/IIOYEHUE 1101 [POUBBOINTCH auabaTu4ecKu,

L=-— X

HO BpeMd HepeK.HIOLIeHI/Iﬁ MHOT'O MEHBITIE T.

9. MopgeJsib ¢ MOJHOCTHIO HAPYIIEHHOUN KaquopoBounoit SU(2) cummerpueil u rpeMs
Pa3JINYHBIMU MaccamMy KaJMOPOBOYHBIX 6030HOB (4).
[TocTpouTh MOJIEIE ¢ MOJHOCTHIO HAPYIIEeHHON Kaaubposounoit SU (2)-cummerpueil, B KOTOPOit Mac-
ChI BCEX TPpeX BEKTOPHBIX 603OHOB Pa3/IMIHBI.



