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Pabouas nporpamMma obssatensHol mucrmumas! «KBanToBas Mexamika» (51.B.O]1.2) ans ocHosHO#
npodeccroHalbHOM 06pazosaTensHOI mporpaMmMsl Beiciero o6pasosanus (OIIOII BO) moarorosku
KaJIpoB BBICIIEH KBATMAUKALIWH TT0 HanpasieHnio moarorosku 03.06.01 ®U3UKA U ACTPOHOMMA
110 HapaBlIeHHOCTH (HauMeHoBaHue ) moaroToBku 01.04.02 Teoperuyeckas (H3MKA COCTABJIEHA B COOT-
BETCTBHM ¢ TPeOOBARUAMY CICAYIOIMX HOPMATHBHBIX JOKYMEHTOR!

1. denepansHsbIil rocyaapcTBeHHBIH 06pa3oBaTeBHbINA CTaHAapPT BRicero obpasoparms «loaroroeka kaza-
POB BEICTIEH KBAMA(HKAIHI [0 HAIPABIEHMIO MOATOTOBKH KaJpoR Beice# kpanudukamam 03.06.01 OH-
3UKA U1 ACTPOHOMUS (®I'OC BO), yrBep:KIEHHOTO NpUKa3oM MumicTepeTsa 00pasoBaHus ¥ HAYKH
Poccriickoit ®enepammm Ne867 ot 30.07.2014 ¢ uasmeHeHuaMH 1 jononHeHuaMu oT 30 anpensa 2015 T

2. Tacnopt mayuwoit cnieupansocTd 01.04.02 — «Teopernyeckas dusukay pazpaboTaHHEI SKCHEPTAMH
BAK Muno6prayxu PO B pamxax HoMeHKIATYpH CrieUHaNBHOCTEH HayIHBIX paOOTHUKOB, YTBEPKACHHOH
npukazoM MunucrepcTea ofpazosanusa U Hayku Poccriickoit denepanmm ot 25.02.2009 r. Ne 59.

3. ITporpaMMa-MHHMMYM KaHARIATCKHX 3K3aMeHOB 110 cnennanbHocTam 01.04.02 — «Teopetuteckad
dasuka» 1 01.04.07 — «Duznka KOHISHCHPOBAHHOTO COCTONHUA» ¢ YICTOM 0COOEHHOCTEH CIIOKUEB-
wetica B UT® um. JI. JI. Jlannay PAH nay4noii mKomsL

CocTaBHTENb TTPOTPaAMMBI:

A.¢.-M.H. H. C. bBypmucrpos



«CornacoBaHo»:

3am. gupexropa UT® um. JI. /1. Jlangay PAH

d i
110 HayKe, J1.¢.-M.H., mpodeccop ﬂ/‘f ZL’X H. B. Konokonos

3aB. actMpaHTypoi, K.§.-M.H., H.C. @5 C. C. Beprernec




1. IMacnopr nayunoii cnenuaabHocTH 01.04.02 — «TeopeTnueckas puznka»

Iudp cnenumanbHOCTH:
01.04.02 Teopetuueckas dusuxa

@opmyna cenHanbHOCTH:

Teopernueckas ¢puznka — o61acTh PU3MKU, 3aHUMAIONIRAACA MAaTEMaTHUYECKOH POpMyIMpPOBKOHT
3aKOHOMepHOCTeH PU3NIEeCKUX ABIeHUH, HAOM0JaeMbIX dKcnepuMeHTanbHO. TeopeTudeckas dpusmka sB-
JAeTCA eIUHOI HayKoil, BHYTPEHHHE CBS3H B KOTOPOH yCTAaHABIMBAIOTCA IIyTEM aHAIUTHYECKHUX BBIYHC-
JeHUI WM YUCICHHBIX PAcueTOB H CPaBHEHHEM C YKCIIEpUMEHTAILHBIMU JaHHBIME. Ee daxTHueckoe co-
JieprkaHHe CBA3aHO CO BCEM MCTOPHUECKHUM pa3BuTHeM (pu3uKkH. Llenpio uccnenopanuii B odmact Teope-
THYeCKOH PU3UKH ABIAeTCA Hanboslee NMoJHoe onucaHue PyHIaMeH TalIbHBIX (PU3MYECKHUX 3aKOHOB,

O6acTH HeclIeIoBaHuil:

1. Teopws KOHAEHCHPOBAHHOTO COCTOAHMS KIIACCHIECKHX M KBAHTOBBIX, MAKPOCKOITHYECKHUX H MHKPOCKO-
NUYECKUX CHCTEM. M3ydenne pa3mMuIHbIX COCTOSHHHN BenlecTBa U pU3MUCCKUX SIBIeHUH B HUX. CTaTHCTH-
yeckas pU3HKa U KHHeTHIeCcKas TeOPHs PaBHOBECHBIX M HEPABHOBECHBIX CHCTEM.

2. OGuiasi TeOpHsi OTHOCHTEILHOCTH M PEATUBUCTCKAs acTpodu3nka. Du3nUecKue CBOHCTBA MATEPHH
IIpOCTpaHCTBa-BpeMeHH Bo BeenteHHol. Kinaccuyeckas U KBaHTOBasA KOCMOJIOTH: U TpaBUTAIlHA.

3. Teopus QyHIAMEHTAIBHBIX B3aUMO/IEHCTBUI M KBAaHTOBaA Teopus noJis, M3yueHue sBIeHUI Ha MaJTBIX
Macirradbax 1 npH 0onasnmx sHeprusx. PazpaboTka MaTeMaTHYECKUX METO/I0B TEOPHUH TTOJIA.,

4., OGmMe BONPOCHI KBAHTOBOI MEXaHUKH: OCHOBBI, TEOPHs M3MEPEHHH, 001as Teopus paccesnus. Ksan-
TOBas TeOpUA PUIMUECKUX ABICHHUH B s/Ipax, aTOMaxX M MOJIEKYIax,

5. Pa3paGoTka TeOpUH ME30CKOMUUECKUX cucTeM. KBaHTOBast Teopus MHPOPMAIIMH U KBAHTOBBIE BBIUHC-
JICHHA.

6. Pa3BuTHE TEOPUH M UCCIIEI0BAHISA OOTMX CBONCTB M 3aKOHOMEPHOCTEHN HEJIMHENHO N INHAMUKH CHITBHO
HEpaBHOBECHBIX cucTeM. Pa3paboTka Teopun xaoca U TypOYJIEHTHOCTH,

Otpacib HayK:

(hU3HKO-MaTeMaTH4YECKUE HAYKH (32 HCCIIeI0BAHUA, TIOMMEHOBAaHHbIE B TYHKTaX 1-6)



2; I.[e.m: H 3aJa491 OCBOCHHSHA THCIHHIIJIHHBI

Ieabio H3ydeHHA HACTOAMICH JHCIUITHHEI ABIACTCA IIOJTOTOBKA KBAMH(HIIUPOBAHHBIX HAYIHBIX Kaj-
POB B 00J1acTH TeopeTHYeCKON (PU3NKH, CMTOCOOHBIX BECTH HAYIHO-UCCIIEI0BATENBCKYIO paboTy, caMo-
CTOATEIBHO CTABUTh U PEIIATh aKTyaJbHbIC HaYYHBIE U MPaKTUYECKUE 3a1a4H.

3agaum TUCIMITIMHE] BKIIOYAIOT (OpMHpOBaHNE Y aCTIMPAHTOB CHCTEMBI 3HAHHH M OCHOBHBIX OHATHH
110 COBPEMEHHOM TEOPUH KaJIMOPOBOUYHBIX TOJIEH U pa3BUTHE CITIOCOOHOCTH K HAYUHO-UCCIe10BaTE N b-
CKoii paboTe u BEIpabOTKY MOTPEOHOCTH K caMOCTOATEILHOMY IIpHoOpeTeHNIO 3HAHHH 110 TeopeTHe-
CKOH Qu3uKe.

3 Mecro qucuunaunsl B crpykrype OITIOIT BO no Hanpapje HHIO NOATOTOBKH KA/IPOB
Boicmiedi kpaaupukanuu 03.06.01 ®PUZUKA U ACTPOHOMUA

Hucrummuna «Keantopas wmexanuka» (b1.B.OJ[.2) oTHOocHTCA K 0043aTENBHBIM JUCITHILTHHAM
BapuaTuBHOM wyactH broka 1 «J/lucnunauHer» ocHOBHOH mnpodeccHoHansHONH 00pa3oBaTeIbHOI
NporpaMMbl  aclUpPaHTYphl 10 HanparieHU nojarotoBkn 03.06.01 ¢usuka u  actpoHOMHA 110
HallpaBICHHOCTH (HauMeHoBaHue ) moaroToBku 01.04.02 TeopeTuyeckas Gpusuka.

[TporpamMa Kypc COCTOMT M3 ABYX dacTeil. [lepBas 9acTh MOCBAINEHA, B OCHOBHOM, 3JIEKTPOHHBIM CBOH-
CTBaM HEYNOPAA0UYECHHBIX MaTepuasoB. [logpodHo paccMaTpHUBaIOTCA CBOMCTBA Pa3IUIHBIX CHCTEM B TH-
IEKTPUYECKOM (a3ze (XBOCTHI MIOTHOCTH COCTOSHUH, MPBDKKOBAA MPOBOAMMOCTH, KYJIOHOBCKAs IIEITH).
Ob6cyxnarores 3 dekTsl cliaboil JoKaIu3aluyu B MeTaJLUIMYecKoi a3e (MarHMTOCONpPOTHRICHUE, cOOi
da3rl, pasmepHbie 3QpdeKTH), a TaK)Ke CBOHCTBA BONHOBBIX (YHKITHH BONHM3M JIOKATH3allMOHHOTO Tepe-
xona. B zakmoueHHe onMCcHIBalOTCA HEKOTOPBIE MesocKonudeckue 3 dexTel. Bropas gacTe noceameHa
U3JI0KEHHUIO TEOPHH KBaHTOBOTO 3(hdexTa Xoma,

4. Komnerenuun ody4aruerocs, (popmupyemeie B pe3yabTaTe 0CBOCHHSA AHCHHIIHHbI

O6uienpodecCHOHATBHBIE KOMITCTCHIIHH:

OIlIK-1 CHOCOOHOCTB CAMOCTOATENBHO OCYIIECTBIIATE HAYYHO-UCCIIEI0BATEIbCKYIO
JIEATENBHOCTD B 00JIACTH TEOPETHHECKOH (PH3MKH C HCTIOIB30BAHHEM COBpPE-
MEHHBIX METOIOB HCCICI0BAHUA H HHGOPMAI[HOHHO-KOMMYHHKAITHOHHBIX
TEXHOJIOTHI

Vhus CpCalIbHBIC KOMIICTCHIIHH:

YK-1 CHOCOOHOCTB K KPUTHYECKOMY aHAITN3Y U OIIEHKE COBPEMEHHBIX HAYYHBIX

TOCTHKEHUI1, TeHepUPOBaHUIO HOBBIX HICH MU penicHUN




UCCIIeI0BATENIBCKUX M MPAKTHYECKUX 3a/1a4, B TOM YHCIIE B MEKIUCIUILIHN-
HapHBIX 00JIACTAX

NMpodeccnoHanbHbie KOMMEeTeHLUUn

TIK-A CITOCOOHOCTBIO CAMOCTOATENIBEHO BEIICITE Pa3THIHBIC GH3NICCKHE MEXa-
HU3MBI B puzndeckom heHOMEeHe, MoI0MPaTh a/IeKBATHBIE MOJEIH /I OTTH-
CaHHA YTHX MEXaHH3MOB (B COOTBETCTBHH C MPODUIICM ITOATOTOBKH

I1IK-B CHOCOOHOCTBIO MPUMEHATH HA MPaKTHKE 6a30Bble 0011IenpodhecCHOHAIBHbBIE
3HAaHHS TCOPHH U METOIOB TeOpeTUUECKOi PH3UKH, B TOM YHCIIE MHKPOCKO-
nudeckoe U heHOMEHOIOTHIECKOE ONTUCAHUE, TCOPHIO BO3MYIIICHUH U qHa-
rpPaMMHBII METO/IbI (B COOTBETCTBUH C MPOQUIIEM NOATOTOBKH)

IIK-I CMOCOOHOCTE MPUMEHATH PA3TUYHBIE MATEMATUYECKHE METOIbI, TAKUE KAK
TOKII, pemenue nuddepeHIHATFHEIX YPaBHEHHI, TpUMEHEHHE TCOPUH
TPyMIl, AUarpaMMHas TEXHUKA, TPU HCCIEIOBAHWH MATEMaTHIECKHX YPaB-
HeHUH

TOTOBHOCTE COTPYJHUYATE C IKCIIEPUMEHTAITEHBIMY IPYNTMAMH 110 TUIAHH-
pOBaHUIO (PH3IUUECKUX YKCIIEPUMEHTOB M aHAITN3Y TOJy4eHHBIX KCIePH-
TK-1 MEHTAJIbHBIX JaHHBIX, CTOCOOHOCTHIO BRIICIATE B YKCIICPHUMEHTAILHOM CH-
TyaIu¥ OTJe/IbHble Gu3ndeckne GeHOMEHBI M COCTARIATH aJIEKBATHYIO Ma-
TeMaTHUYECKYIO MOJIeJIb, ONMCHIBAIONIYIO 3TH ()eHOMEHBI (B COOTBETCTBUH C
npoduIeM MOArOTOBKH )

I[IK-E TOTOBHOCTS K JIaJbHEeHIIEMY caM000Pa30BaHHIO H PACHIMPEHUIO KOMIIETEH-
ITUH, CTIOCOOHOCTBIO IOKAIM30BaTL O0MIME MPUHITUIILI TeopeTHIeckoi du-
3MKH U1 HOBOTO (pu3myeckoro geHoMeHa (B COOTBETCTBUHU ¢ Npoduiiem
MOJTOTOBKH )

B pe3yabTaTe 0CBOCHHS AUCHHINTHHBI 00 Y4aK0IMECH OKHbI

3HATD!
e OCHOBHBIC (pH3HMUECKHE ABICHUA, OTHOCANMECS K (hHU3HUKE HEYIOPATOUCHHBIX CUCTEM H KBaHTO-
BoMy 3ddexTy Xoma;
e OCHOBHBLIE TEOPETHUIECKIE METO/Ibl OTTHCAHH HEYIIOPATOUCHHBIX CHCTEM, B TOM HHCIIE B PeKUME
KBaHTOBOTO 3 dekTa Xomia;

YMeThb:
L4 HCII0JIb30BATE CBOM 3HAHWA 1A PCIICHUA (by}I,Z[aMeHTaJILHLIX U NPUKIAIHBIX 3a]1a4,

® JICNAaTh KOPPEKTHBIC BRIBOABI U3 COTIOCTABICHNA TCOPETHICCKUX W SKCTIECPUMEHTAIIBHBIX PE3YILTATOB,

®  BbIJIC/IATE MUHUMAQJILHO NOCTATOYHYIO CUCTEMY OIPEASIAIOMINX I1apaMeTPOB MPH MOACIHP OBaHHH
PEANBHBIX (DH3MYECKHUX MPOIIECCOR;

® JICNAaTh KAYCCTBEHHBIC BBIBOJBI IMTPH dHAMU3E ACHUMIITOTHICCKUX PEXKUMOB B U3YIAEMBIX HpOGJ’IeMaX;



® (OCBauBarb HOBLIC IMPEAMCTHELIC 00nacTH 1 TCOPCTHICCKUEC MOOCIIH,
® TIOJB30BATHCHA dJICKBATHBIM MATCMATHYCCKHUM amiapaToM MPH PEIICHUHA MPAKTHICCKUX 3a1d1,

e (deKkTuBHO MCTONB30BaTh [T-TEXHONOrHM M KOMIIBIOTEPHYIO TEXHUKY;

® CTPEMHUTHCA K MOCTPOCHUIO (DYHIAMEHTAIBHEIX (DH3UUSCKUX TCOPHI, CTIOCOOHBIX OOBACHATE U

MpeaCKa3bIBaTh KAYCCTBCHHO HOBEIC (1)H3I/I‘:IGCKI/IG SABJICHHA.

BJIAJI€Th:
® METOJAMHU TEOPETUUECKOIO ONTUCAHHA HEYITOPAIOYEHHBIX CUCTEM:

®  MeTOJl ONTUMAITBHOU QUIYKTYaIuu;

®  METObl TEOPHH MEPKOIAIHH;

®  METOJ KPeCTOBOH AUArpaMMHON TEXHUKU,

®  METOJ HEJIMHEHHOU CUrMa-MoJIein;

5. O0beM IUCUUNINHBI, BH/IbI y4e 0HOi padoThl H (POPMA OTUYETHOCTH

Bun yae6Hoit paboTh Yacos 3ET
OO0mast TPyI0eMKOCTh JUCITATUTHHBI 108 3
AyIUTOpHBIE 3aHATHA: 42 1.17

JIEKIIHH 42 1.17
CamocrosaTesibHas pabora 39 1.64
KonTpons 7 0.19

@opMa OTYETHOCTH: 3a4ET C OICHKOIA.

6. Conep:xxanue U CTPYKTYPA THCHHIIHHBI

6.1. VueGubIH IIAH O THCIATLJIAHE

- Konuuecmeo uacos Bceero
Hasganue mem JIEK. | ceMMHaphI CP K
‘ KBanToBas Teopms HEYIMOPATOYEHHELIX CH- 24 _ 39 4 67
cTeM
5 Teopus kBanTOBOTIO > dPexta Xomia 18 . 20 3 41
Hroro Jacos: 42 ) Ll 1 108

CamocTodaTeisHas paboTa 3aKiIouaeTcsa B pazdope 3a/1a4d U yIpaxKHeHUH 110 Kypey.




6.2. Comep:kanme Je KIIHOHHOTO Kypca

Yacre 1. KBanToBas TeOPHA HEYIOPAAOYEHHBIX CHCTEM

1 Becnopsaaok B KpHCTALIAX

1. JInHAMHUYCCKUH 1 3aMOPOKCHHBIH OSCITOPSIOK: YCPeTHEHHE 10 BpEMEHH H YCPETHEHHE 110 aHCaMOJTIO.
2. KpucTanibl, )UJIKOCTH, CTEKIIA, CTUIABBI, MATHUTHBIE CUCTeMBI. J{abHUI 1 ONVDKHUM TTOPAIIOK.

2 Hep3aumMoaeiicTBYOHIHE /1€ KTPOHBI: MO/JeIb AH/IE PCOHA

1. Paznmuunbic BapHaHTEI MOJICIH AHAEpCcCOHa

2. IInoTHOCTBE COCTOAHHUH: 00IIHE CBOICTBA.

3. IIMOTHOCTE COCTOSIHHIT: CHIIBHEIN OCCITOPAIOK, IOKATH30BaHHBIC COCTOSHHUS.

4. IImOTHOCTE COCTOSHHIL: CIa0BIH OeCTIOPAIOK, TNIOCKHE BOJTHEI M HX CJ1aboe paccesHHE.

3 ILl1OTHOCTH COCTOSIHMI B MO/IeJIM AH/Ie pCOHA

1. Monens Jlnoiiia: TOUHOE BRIpaKEHUE [T CPEIHEH MIIOTHOCTH COCTOAHMUI.

2. DKCMOHEHITUANIEHO MaJias INIOTHOCTh COCTOSAHUI B MOJIGTH AHIepcoHa BOJIM3H TPAHUIILI CIIEKTPA: Haes
ONTHUMAIIEHOH (DITYKTYyaITHH.

3. Pa3BuTHe HIeH ONTHMATBHOM QIIYKTyallHH, ONpeaecHIe YHCACHHOTO hakTopa B MOKa3aTele YKCIIo-
HEHTBL

4 XBOCTHI MJIOTHOCTH COCTOSTHHH /ISl CJIy4asl rayCCoBa CJy4aiHOro noreHuuaaa. MeTo onTuM ajib-
HOH (MIYKTyanuu.

1. 'ayccoB ciydaifHbIi MOTSHITHA, KOPPEIAITHOHHAA GYHKIIUS U KOPPEIIAITHOHHEIH paaiyc, ONpeacIcHue
CpelHel MIIOTHOCTH COCTOAHHI.

2. Meton ontumanbHOH dIykTyanuu, dopMymTHpoBKka oOmMeH 3amadl Ha YCIOBHBIH DKCTPEMYM, BRIBO
HenMHelHoro ypaBHeHus Lllpenunrepa.

3. Ciiyuaii Genoro myMa (“OnMKHMI XBOCT ), CBEJICHUE K YHUBEpCaAIbHOH Ge3pa3mMepHoil 3anaye.
4. Cityuaii Genoro 1ymMa: TOYHOE pPelIeHHe B OJHOMEPHOM CIIydae.

S XBOCTBI MJIOTHOCTH COCTOAHHH — NPOJOKCHHE.

1. Crydait maBHOTO MoTeHNHANA (“TaNBHUM XBOCT ) — TOYHOE PeIICHHE.

2. IlpeapKcIIoOHSHITHATLHELIT MHOKHUTENIH B CPeIHEH MIIOTHOCTH COCTOSIHUIL: TocTpoeHue ["ayccona dhyHK-
IMHOHAITBHOTO UHTETpaa.

3. HOHHOCHMMGTPH‘IH&H MOJa, HYJICBBIC MOJbBI H UX BKJIal B HpeHQKCHOHeHHI/IaHBHBIﬁ MHOXHTCIIb.

6 Mogean JIngmuna -- 1



1. ITocTpoenue Mmoaenu. MeTammuuecKUi H TUDJICKTPUICCKUH TPEACIBI.
2. CnekTp, cOOCTBEHHBIE COCTOSHHUA U TUIOTHOCTB COCTOSHHUI B METAIUTHYECKOM CIIydae.

3. CrekTp M COOCTBEHHBIE COCTOAHUA B AM3JIEKTpHUeCKOM citydae. [TapHoe npubimxkeHue, pe30HaHCHBE
U HEPE30HAHCHBIE YPOBHHU.

7 Mogeas Jlugmuna -- 2

1. IImOTHOCTE COCTOSHMI B AMAIEKTpHUUecKoM Iperene. Croydail OONBIIOrO MAapHOTO pacUCIIICHUA
(“OmxHUE XBOCT )

2. “JlanbHUi XBOCT” U KOJUIEKTHBHBIE ONTHMaJIbHbIE (DIYKTYAIlHH.,

3. lleHTpanbHBI IPOBAJI B INIOTHOCTH COCTOSHUIA.

4. IINoTHOCTH COCTOSIHUIL IPU OUEHBb MAJIBIX YHEPrUaX: HENPUMEHUMOCTh IAPHOTO NPUOIIMIKSHUS.
8 PeasmmcTH4ecKas MOJeJIb: €J1a00 JJerHpoBaHHBIN NOJYNIPOBOIHHK.

1. ToHops! 1 aknenTopsl. CiiydailHbId MOTEHIMAI W MJOTHOCTh COCTOSHUIL B cllydae MaJloil M O0JIbLIOH
CTENEHH KOMIIEHCAIIHH.

2. MexaHH3MEBI IepeHoCca 3apsaa B cladoIeTHPOBaHHOM MOTYIPOBOIHHKE.

3. VMepeHHo HH3KHC TCMIICPAaTYPEL. KAYCCTBCHHOEC OITHCAHHEC HpBI)KKOBOﬁ IMpOBOIUMOCTHIIO OmKalIIMM
COCCOAM.

4. OueHb HU3KHE TEMIIEPATYPhl: KAYECTBEHHOE OIIUCAHKE TPOBOJUMOCTH ¢ IEPEMEHHOM JUIMHOM NPBLKKA.
9 TIpbIzKKOBAA NPOBOAMMOCTH

1. IIpbDKKH STIEKTPOHOB MEX Iy IPUMECSIMH, COTIPOBOKIacMBbIC TIOTTIOMCHUEM HITH H3TydeHHEeM (DOHOHOB.
Cetka conporusienuii Munepa-Adpaxamca.

2. HpHMeHGHHG TCOPHHU INCPKOJAITHH. 3aBHCHMOCTD IMMPOBOJHMOCTH OT TCMIICPAaTYpPhbl H KOHIICHTPaIIHH
HpHMeCGﬁ B PECKHUME IIPOBOIHUMOCTH I10 O KAHIIIM COCCIAM.

3. [IpoBOIHMOCTE ¢ TIEPEMEHHOM THHOM MPEDKKa, 3aKoH MoTTa. KauecTBeHHBIH BBIBO (I pa3THIHBIX
pasmepHocTei d). OddekTrBHas d+1-MepHas nepKOIAMOHHAS MOJIEIIb U KOJTUYECTBEHHBIN BBIBOJI 3aKOHA
Mortra.

10 ITppIKKOBOE MATHHUTOCONPOTHBIE HHE

1. TynHenupoBaHHe B MarHUTHOM noJie. KBa3ukiiaccudeckHii Xxapaktep BoJIHOBBIX QyHKIMIT 1 nedopMma-
U4 “‘TIOBEPXHOCTEH MOCTOSHHOTO JeHCTBUS MArHUTHBIM MOJIEM.

2. Moguduxkarus cetku Munnepa-AdpaxamMca B MArHHTHOM I10JIE ¥ BEMUCICHHE MaTHUTOCOTIPOTH BICHH
C MOMOIIBIO TeopHH nepkosaiuu. [Tpeaensl ciaboro v CHIILHOTO NoJiel. AHU30TPOINA MArHUTOCONPOTHB-
JICHHUAL.

3. Mal'”HHTOCOHIJOTHBHeHI/Ie B PCIKHUMCE ITPOBOJHMOCTH C HepeMeHHOﬁ IITHHOMN IIPpBDKKA.



11 Koppeasimnonusie 3(pe KThI B €100 JIerHPOBAHHOM NMOJTYNPOBOAHHKE.

1. DddexThl 371eKTPOH-3JIEKTPOHHOTO B3aUMOISHCTBUA: IOIIATOBAs TIPOIIeypa MUHHUMH3aIMH KJTacCcuve-
CKO#l sneKkTpocTaTuueckoii sHeprun. [leproe mpubimxenue: GpepMHEBCKOe 3aM0THEHUE 0THOYACTHYHBIX
COCTOSHHUIHI.

2. Bropoe npubmnkenne: napHele Koppenaiiui. KynoHoBckas mensb B INIOTHOCTH COCTOAHMH. Poitb Bbic-
X MPUOTHIKEHUN.

3. Paznuunbie crieHapHu MHOTOYaCTHYHEIX 2P PeKToB B IpoBoAUMOCTH. 3akoH Ddpoca-lllkmoBekoro ams
IPOBOIUMOCTH ¢ TIEpSMEHHO ITHHOM MpLDKKa.

12 D¢ dexThl NOAGAPLEPHOIO PACCEAHHUSA B NPLIKKOBOH NPOBOIUMOCTH.

1. Bnusaue noabapbepHOTo paccessHHs Ha JeKPeMeHT JIOKAIH30BaHHON BOJTHOBOH ()YHKIIHH.

2. ToapneHHne MOJIOKUTEITEHOTO MATHUTOCOTIPOTHBIICHHA 11010apbePHBIM PACCeTHUEM.

3. Untepdepennnonnsie apnenus: dddexr Aaponosa-boMa, oTpHIIaTeILHOE MATHUTOCONIPOTHBRIICHHE.
13 Jlokanu3aunoOHHBI e pe X0,

1. AunmepcoHoBcKas JoKkaau3anua B Moaeau Anaepcona. Kpaii moasmxHocTH. JIokaTu30BaHHBIC U ACTO-
KTM30BAaHHBIE COCTOSHUA: YeM OHH OTIMYAIOTCA APYT OT aApyra?

2. CrpykTypa BOJHOBBIX (DYHKIIMH BOJM3M Mopora noJABH»)HocTH. JinHa nokanuzanuu. MynbsTudpax-
TaJIbHOCTD.

14 D PpdekTnI €1a00# JOKATHIANMHH.

1. TIpenenbl TPUMEHHMMOCTH KJIACCHYECKOH TEOPHH TPOBOJAUMOCTH MeTallnoB. KeaHToBas unTepdepeHnus
aKTOB paccesHHUA (KadecTBEHHOE paccMoTpeHne). CamonepeceKalonpecs MyTH U UX BKJIaJ] B MHHTEpdepeH-
I[MOHHEIE YJIECHEL

2. Nuddy3nonnsii nponaratop ¥ ero ¢pusndeckas HHTepnperalus. [locieqoBaTensHOCTE AUArpaMM, OT-
BeYalolas TMepBOH KBaHTOBOW momnpaBke: KynepoH u ero ¢gusnueckas uHTeprnperaiusa. PacXoauMocTs
KBAaHTOBOI MOTNpaBKH K IPOBOJUMOCTH B NMPOCTPAaHCTBE HU3KOH pa3MepHocTH. [Iporeccsl cbos da3nel u
uH(ppakpacHoe oOpe3aHHe.

3. I'pannunsble yenosus uid KynepoHa u pazmepHsle ¢ dexrsl. PazmepHslil kpoccosep.

4. OrpunareabHoe MarHUTOCOIIPOTUBICHHUE: BEIBOA M pyu3HUecKas HHTeprpeTaliud. OCIIILIIAINY MarHH-
TOCOIIPOTUBICHHA TOHKOTO METa/UTMUECKOTO IUIINHAPa B 1 dy3uontHoM pexume (dxcnepument Llap-
BuHa U [[lapeuHa).

5. KBanToBble momnpaBKku K KoHTakTaHcy auddy3mnonnoro S-N-S koHTakTa. Polb aHIpeeBCKOTO oTpaxe-
HUAL

15 Mpoueccol, npuBoasinue K c6010 Ppasul

1. Heynpyrue npoiieccsl M uX poib B cboe a3l Bpems cOos da3bl 3a cHeT KBa3HyNIPYrux MPOIECCOB.
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2. DIEKTPOH-3IIEKTPOHHBIE CTOJIKHOBEHHUA: OaumucTHIecKui U muddy3noHHBIH pesxuMbl. [IpuMeHMMOCTE
Teopun OepMU-3KHUIKOCTH K TPA3HBIM METaJIIaMm.

3. BiusHHe 31eKTPOH-3JIEKTPOHHBIX CTOJIKHOBEHUH HA TIJIOTHOCTh COCTOAHH . AHOMAaJTHS HA TTOBEPXHOCTH
@epmu (zero bias anomaly).

16 Me3ockonuka -- 1
1. Me3sockonndeckuii Macirad. OTCyTCTBHE CaMOYCPE/THEHHA.

2. KorepenTHsrii Tpancnopt: @opmyna Jlangayepa ais mpoBOAMMOCTH B IBYXKOHTAKTHOM KOH(UTYpAITUH.
Ponp Heynpyrux mnponeccoB. YeThIpeXKOHTaKTHASA KOHDUTYpaIIHAL.

17 Me3ockonuka -- 2
3. BainmmcTrdeckuii KOHIaKkTaHe aauadaTudeckoro cyxeHus. KBaHTOBaHUE KOHIaKTaHca.

4, KOI‘epeHTHB[[?I TPAHCIIOPT: MMOCJIEA0BATCIIEHOEC COCIHHCHNUE KOHIAKTaHCOB. Hea,[[,[[HTHBHOCTB COITPOTHUB-
JICHUA U OJHOMEPHAaA JIOKaJIH3aIHs. HapaﬂﬂeﬂBHOG COCIHMHCHHEC KOHJAaKTaHCOB.

Yacte 2. Teopus kBanToBoro ygdexra Xonaa

18. DnemenrTapnoe onucanune IKIX

Onementapuas Teopus I[IKDX. DOkcnepuMeHntanbHOoe HaOMIOICHHE KBAaHTOBAaHHA  XOJTOBCKOI
IIPOBOIUMOCTH. JIByMepHBIi ra3 B kpeMHHeBOM MOII-TpaH3uCcTOpE U HHBEPCHOHHBIX CIIOAX. XOJUIOBCKAs
IPOBOAMMOCTB JIEKTPOHHOTO raza. Kitaccuueckoe paccMmoTrpenue. Kpaeble cocTOAHHMSA M KaTUOPOBOYHBII
aprymeHnT JladuinHa. DiekTpocTaTHKa KPaeBbIX COCTOSAHUMN,

19. /iByme pHBIH 3/1Ie KTPOHHBIH a3 ¢ OJHOH IPHUMECHI0 B MATHHTHOM I10J1€

[TpumecHBbIe cocToAHUA. BiMAHME 0JHOM NPHMECH Ha XOJUTIOBCKHI TOK.

20. OK9X B n1aBHOM CJAYYAHHOM MOTEHIIHAJIE

Kitaccuueckas mnepkoiailusd B IJIaBHOM IMOT€HIHale. YUYET KBAaHTOBOI'O TYHHeIUpoBaHHA. Mozaens
Yankepa-KogauHrrona.

21. OK9X B 6 -KOppe THPOBAHHOM CJOYYAHHOM MOTEHIHAJIE
XBOCTHI TIJIOTHOCTH COCTOSHH M. XOITOBCKHI H30ATOP. [IpEDKKOBas MPOBOIHMOCTE Ha TJIATO.

22.Penin4HAas HEJHHEHHASA 6 -M0/1€/Ib ¢ TONOJOIHYCCKHM WICHOM /LI IBYMEPHOI'0 3/1¢ KTPOHHOI0
ra3za ¢ 0 -KoppeaMpoBaHHBIM CJIydaiiHBIM MMOTEHIIMAJIOM B MATHUTHOM T10J1e

23. UHCcTAHTOHBI B HEeJIHHE IHOH 6-MOJ€.1H ¢ TOMOJIOTHUYECKAM WIe HOM

Pa3menenue odbeMa u kpas. Tomonorumdeckuit 3apsn. DddexTurHoe neiicTue ansa kpasd. MHcTaHTOHEL
Bxiiag HHCTAHTOHOB B CTATUCTHUECKYIO CYMMY

24, Jle1okaju30BaHHOE COCTOSTHHE TP oxy = k+1/2
11



@opmynel Kybo ams oxx M oOXy. 3aBHCHMOCTE G XX H G _Xy OT pa3Mmepa obpasia IpHu HylIeBoi
TeMmnepatype. Jleokami3o0BaHHOE COCTOSHUE ITpH oXy = k+1/2.

25. JleBUTAIHA JCJOKAJIH30BAHHBIX COCTOAHHH H KBAHTOBO-X0/UILHBIC OCH M IIALHH
26. MyabTH(pakTansHocTs B KX

Onpenenenue, odnme CBONCTBA, Pe3ydbTaThl YUCIEHHOTO MojelupoBaHus. MymbTU(paKTaaIbHOCTh B
HEeJIMHEHHON G—MOJIe/IH.

27. HenpepoiBHBII npeaea moaean Yankepa-Kongaarrona. BeIBoa HeJtHHE HHOH 6-MOIe 1

7. CamocTofiTe/IbHAas padoTa aCIIHPAHTOB

Hcnoms3yroTest CAeMyronme BUIB CAMOCTOSTENBHO pabOTE ACTTHPAHTA: B YHTATBHOM 3a1e OHOTHOTEKH, B
yueOHBIX Ka0WHeTax, Ha pado9Mx MECTax ¢ TOCTYIOM K pecypcam MHTepHeT 1 B qoMamHuX yenoBusx. [lops-
JTOK BBITIOJIHEHHS CAMOCTOSTENBHOH padOThl COOTBETCTBYET NPOTPaAMME Kypca M KOHTpOIHpyercs codeceno-
BaHueM. CaMocCTOsTENbHAS padoTa MOAKPEIIIIeTCs yueOHO -METOIMYECKMM 1 MH(POPMAIMOHHBIM o0ecrede-
HHMEM, BKIIOYAIONIUM PEKOMEHIOBAHHBIE YUCOHUKH M y4eOHO -METOAMYECKHE TOCOOHS, @ TAKKE KOHCIEKTHI
TEKIIHH.

8. OueHouHble cpeicTBA IV1S1 TEKYIET0 KOHTPOJISI YCIIEBACMOCTH, IPOMEKYTOYHOH aTTEeCTALHH IO HTO-
raM O0CBOCHHS IUCHHILNINHBI H Y4eOHO-MeTO/IMYeCKOe 00ecneYeHHe CAMOCTOSITe/IbHOH padoThl aCIIHPaH-
TOB

Texynmii KOHTPOJIb YCIIEBAEMOCTH OCYIIECTBIBIETCH ¢ IOMOMIIBIO CIAYM ABYX MOMAIIHUX 330aHUH, KaAKI0E U3
KOTOPBIX COCTOUT 13 16 3amau.

IIpumMep 3amaq U3 MEPBOTO 3aAHMS:
3AJJAYA 1
Beraucnnte nonsapu3auyoHHEN oneparop B Au((PY3HOHHOM NpHOIHKEHHH

3AJIAUA 2

Boruucints BpeMsa 005 (a3bl 2JIEKTPOHA B IPA3HOM KBAHTOBOH TOYKE 3@ CUET DIICKTPOH-3JIEKTPOHHOTO B3au-
MOJICHCTBHA.

IIpumep 3amadn 13 BTOPOTO 3a0aHHS:
3AJTAYA 1

Beruncnuth CKOPOCTD KPaeBOH MO, COOTBEICTBYIOLICH MEPECEUCHUIO XUMIIOTEHIHMAIA C N-bIM YPOBHEM
Jlangay.

3AJIAUA 2

12



Beruncnute Me30ckonudeckue (PIyKTyaluy JOKaTbHOM MIIOTHOCTH COCTOSHUI MEKTPOHOB B CHIIBHOM Mar-
HUTHOM IIOJIE B METAUTMYECKOH 00IacTH.

8.1. Ilpumep dKk3aMeHALHOHHOrO OHIeTa
BWJIET 1:
1. Teopus @epMHU-KHIKOCTH JIJIS TPA3ZHOTO METANIA.

2. OOBACHCHHUE KBAHTOBAaHUA XOJUIOBCKOM IMPOBOIUMOCTH Ha OCHOBE HEJIMHCHHON CUTMa-MOJIEIH C TITa-4JIc-
HOM.

BIUIET 2:
1. AHAepCOHOBCKAA NOKAMM3AUKA U MOPOT MOABHKHOCTH.

2. MHCTaHTOHEI B HEMMHEHHOH CHIMa-MOAEIH C THTa-9JICHOM

IMoc/ie oxoHYaHHMA Kypca CTYIeHTaM JaeTcsl HA0op BONPOCOB JIJ1s 324eTa ¢ OLeHKOI.
KonTtpoasHbie BONPOCHI COBNAAIOT C NYHKTAMH COJE PKAHHS JJe KIHOHHOI0 Kypca.
IMonnwblii nepeyenb3agay npuBeaeH B [Ipunoxkenun 1.
O1eHka 3a Kypc BBICTABIIAETCS MO CIeyromei Gopmyre:

(X+Y+27)/4

rae X - OTEHKA 34 TIEPBOE JOMAINIHEE 3a1aHue, Y - OIIEHKa 3a BTOPOE JOMAIIHEE 3a1aHNE, 7, - OIIEHKA 34 3K3a-
MEH.

9. YueOHO-MeTOAHYECKOE H HH(POPMAIITHOHHOE 00ecne YeHne TUCIAIINHBL.

9.1. llepeyeHBL THTE PATYPbI, HEOOXOAUMOi 1151 OCBOCHH S THCHHILIHHBI (MOIYJIs1)

[1] B.®. 'anTt™Maxep, DIeKTPOHEI B HEYIOPAIOUCHHBIX cpeaax, M., ®uamatiaut, 2003.

[2] B.W. IknoBckuit, A.JI.Ddpoc, DnekTpoHHEIe CBOICTBA JeTHPOBAHHBIX MOIYIIPOBOAHUKOB, M.: Hayka,
(1979),

[3] UM. Jludumm, C.A.I'peneckyn, JI.A.Ilactyp, BBenenue B TCOpHI0O HEYHMOPSAAOUCHHBIX CHCTEM,
Mocksa, ®@u3MatTiur, (1982).

[4] A.A. AbpukocoB, OcHoOBBI Teopuu MeTamuio, M., ®uszmatnur, 2003,

[5] A.A. Adpukocos, JLILI'opekos, N.E./[3sanoumHackuii, MeTobl KBAHTOBOH TEOPHH MOJIA B CTATUCTH-
yeckoil pusuke, Mockga (1998).

[6] B.L. Altshuler, A.G.Aronov, Electron-electron interactions in disordered Conductors, in: Electron-elec-
tron interactions in disordered systems, eds. A.L.Efros, M.Pollak, North-Holland, Amsterdam, (1985).
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[7] . Wwmpu, Beenenue B Me3ockonudeckyro Gpuzuky, Mocka, @u3mataut, (2002).
[8] R. Laughlin, Phys. Rev. B 23, 5632 (1981)

[9] B. Halperin, Phys. Rev. B 25, 2185 (1982)

[10] D.B. Chklovskii, B.I. Shklovskii, L.I. Glazman, Phys. Rev. B 46, 4026 (1992)
[11] D.M. backun, JI.W. Marpumn, M.B. Dutun, XKOT® 75, 723 (1978)

[12] R.E. Prange, Phys. Rev. B 23, 4802 (1981)

[13] S.A. Trugman, Phys. Rev. B 27,7539 (1983)

[14] H.A. Fertig, Phys. Rev. B 38, 996 (1988)

[15] T.B. Munsnuko, .M. Cokonog, ITucema B JKOTD, 48, 494 (1988)

[16] JI.Lb. Hodde, A.W. JTapkun, JKOT®D 81, 1048 (1981)

[17] U.C. bBypmuctpos, BeaeHue B TCOpPHIO IeIOTHCICHHOT0 KBaHTOBOTO 3¢ dekta Xommna, M3naTenscTBO
HTI®X PAH, 2015 r., ISBN 978-5-9906159-1-5

9.2. IlepevyeHn y4eGHO-METOANYECKOTO oD ecned eHHs /115 CAMOCTOSATEIbHO patoThl 00y4yarinuxcs no
JUCHHUIINHE (MOAY/II0)
CM. CIHCOK THTEPATYPHL

9.3. Ilepeyens pecypcos HHPOPMALHOHHO -TeJIeKOMMYHUKANMOHHOI ceTd "MHTepHEeT", HEOOX0AUMBIX
AJ151 0CBOEHH S THCHUNINHLI (MOYJIs)

On-line mocTyn k xypHamam <«OKypHanl sKCepHMeHTaIbHOM i TeopeTHdecKoi puzukmy, «[lucsMa B
KOTD» , k xxypHanaM: Physical Review Journals Published by the American Physical Society, k HekoTO-
peIM nyOmukaruam u3natenbeTs Elsevier u Springer/Nature Publishing Group (13 nmoamucku UT® um. JI.

. Jlannay PAH).

9.4. TlepeyeHs HH(POPMAIHOHHLIX TEXHOJIOTH i, HCT0/Ib3YEMbIX NPH OCYIICCTBICHHHN 00pa3oBaTeb-
HOr0 Ipouecca 1o JHcUHn/INHe (MO/1Y/110), BKI0YAas NepeyeHb IPOrPpaMMHOro obdecneyeHns 1 nadop-
MAaNHOHHLIX CIPABOYHLIX CHCTEM (IPH HEOOX0IUMOCTH)

Ha nexnmoHHBIX 3aHATHAX HCIONB3YIOTCA MYJIBTHMEIUIHEBIE TEXHOJIOTHM, BIITIOYAS JACMOHCTPAIMIO MPE3EH-
TaLWH,

10. MarepualbHO-TeXHHYeCKOe o0ecnede HHe TUCHUIITHHbI
ayautopHslid o UT® uwm. JI. 1. Jlannay PAH;
HOYTOYK, MYJbTHMEIHA-TIPOCKTOP, IKPaH;

pabodee MecToO ¢ BbIX0ZI0M B MHTEpHeT;
oubmmoteunsiii houn UTD um. JI. /1. Jlanmay PAH
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[Ipunoxenue 1.

Ilonnbii nepevyeHb 32124 NPUBEIEH IS 324€Ta C OLleHKOMH.

3amanue 1

3agaua

Jagaua

Banana

Janana

Sagaua
Samaua

Jaganua

Jamaua

daganua

Sanaaa

3agaua
3agaua

Sagaua

3agaua

e

i

b

=

el

10

11.

12.

13.

14

15.

Jagaua 1. Dobhese V' ocayualiuy obpasoM pacnonomenst N npuvecedt. Cuptas, UTo BEPOSTHOCTE 118 OPHMECH OKAZATLCH

E TOUKE 7, pagHa 1/V B He 3AEMCHT OT OCTANLHLIX IpHMecefi, JOKAZATE, TT0 B TEPMOIHHAMHTECKOM IpPeiee
N — oo, V — o¢ Tax, uTo KoHnenTpanud n = N/17 ocTaercs NocTOSHHON, BRINOIHASTCH CASIyiomas dopayna:

N

H eflTal } — axp [n. [rt‘f‘r {Ea“"" = IJ]

a=1
e f{r) samannan dyHKIH.

Haitrn xak eoorHocaTest Mex(ly cobofl MIHPEHA IHEIOTPOHEOND DE0HARCA, DACCTOSHEE Me#Ory yporxauy Jlap-
nay n ux mmpria I' B cayuae yposnell Jlanjgay caabo yIrHpeRHLX BecIopPSIKOM.

ng snexrponor B apoffnofl kpanTopRofl aMe HafiTH BOIMYIENEe 30eKTRPOHHON ILIOTHOCTH B nepeofl sse npy
MPHIACKEHTH BHEITHEDD (108 K 3JeKTPoHAM BO BrOpoR aue. CUHTATE SMEl VIKHMH, & PACCTOSIHHE Me#y Hi-
nH BOUIRNIMM 110 CPaBHeHD © mapuHami sid. Currars koo dimmentsl prdebyand B WIOTHOCTH COCTOSHIR B
KAAION H3 AM M3BeCTHEIMA. TYHHeIUPOBAHHH JMeKTPOHOR MeSKIY SMaMH HOT.

B mosmenT ppemenn ¢ — 0, B IRYNMeDHY 1 KBAaHTORYID TOUKY B BHAe Kpyra pamuyca K, noBapmsior aiexTpoH B
nenTp. Cuntag koaddpumrenT FHdihy My MEIBECTHLIM ONSHUTE MMy DYAeT paEHa IUOTHOCTE IADHIA B HEHTDE
Ha BpeMedax Boasmmx obparsof apepran Taysecca.

HalfiTe BeposSTHOCTE BOIBPATA SIEKTROHA B TOURY 7 = () nocie paccesaus Ha 2-x, 3% 1 T, npaMecix. CUdTaTh,
UT0 BEDOSTHOCTE HARTH 31eKTPOH B TOTUEE Fo NOCIE PACCESHHS HA WPHMecH B Totke vy paesa P(jras —r|) =
[1/i2alrg — ry|1)] exp(—|ra —ry | /1), vie | — 370 umsa ceobogaoro npobera. CHRTaTE, U0 PACCRSTIHE HA TPHMEcH
HEOTDOIHOS | 3AEKTPOH 110C1e PAcCesiHHE NOMHOCTLIO 3a0LIBAET NPelLICTOPHIo.

OIIEHHTL CHOPOCTL HEYNPYTOrDo DAcCedHHd B TPSEHOM MOTALIe VIS caydas THHaMHCCKH SKDAHHPOBAITHOTG
EYIOHOBCKOTD BIAMMOJICRCTREAH.

OL[EIIHTL CROPOCTE HEYNIPYIOrO pacCesidd B UPESHOM MeTALIe JUIH Ciydas THHAMHAYECKH 3KDAHADOBAHHOG
KGWTKDJIEQCTB}'EOME[‘G BIAHMOEeHCTRIA.

OUeHATE BeawIHAY (QepME-KIIKOCTHON KOHCTANTE] B3aUMOIeACTERA B TPHIVIETHOM KaHade F; B ZpyMepHofl
El.'lEK"[‘pﬂlllE(]ﬂ CHCTEME. C‘[H"{‘E.'I'L‘. UTO BRIIOJIHEHO Y EIOBAe }[Z.."IA'F' L 1,, rie »x — DﬁpﬂTH&H JUIHHA CTATHYBCKOA
INPAHEPOEKA.

OHeHuTE CKODOCTE HEYIIPYTOTO Paccesdus B KBAHTOBROR Touke ¢ bonnmoft sneprueft Tayaecea s cayuas au-
HAMMTECKH SKPAHHPOBAHHOID KYJIOHORCEOIO E3AMMOIeRCTRNS.

OHeHATE CKODOCTE HEYIPYTOro DACCesHus B KBARTOROR Touke ¢ bosemoft swepruefl Tayaecca ans cayuas Ko
poTKOMERCTEH.

laMunuroEdan, OMHCLIBAIOIINA KRAZHYACTHIE B IpadeHe, OpelcTarlger cobofl Matpumny 4 x4, H — vrala.p. +
Typy ). On ofnagaer cEMMeTpHel 0 OTHOIIEHHIO K obpamenmiy Bpemenn: H — TuH™T,, tne Ty = oy, 1
EHpaiLuol coMaerprefi: B = —CpH Ch, tie Cy — 03T, 306CE Tn 12,3 H Th1,2,2 CTAHIAPTHLIe MATPHIE Tlaymm,

H' = vialozpz + aypy) + V(r)mae. Onpensimrs K 2aROMY KIACCY CHMMETDHN OTHOCHTCS raMmursTonnan H'

Ing oprorova’eHoro cayuan nim d = 2 S-dyuknua mMeer Bux §(g) = —2/7 B obnacta g < 1. OnednTs ¢
FRC [[E}HEII[I‘HB.HLH[}ﬂ TOMHOCTEI) 3HBRCHMOCTE JUTHHEL JTOKAAHIAITHE 0T 1apaMeTpa L‘F I

[okazaTh, W10 B KPHTHUSCKON TOUKe OpH + < L CHPAaBeIHEC DABSHCTRO <J-r;r.:['r}'3'?lr_-‘.lz[‘0]29=]> -
L’d[mH?I"A‘!l*d-!n['rfL]ah—h"é‘lj73‘4:2_

Marnuwrnas IpHMECE B CEERXIPOBOIHHKS CORIALT CRS3ARHOR cocTosnue ¢ aneprielt F = A1 — o) /(1 + o), e
[APAMETP (¢ TPONOPHHOHATEH YETBERTON CTRIeME MOV BOTHOROR ¢y HKIN B TO'Ke, I/I6¢ HAXOTUTCH IPHMECE,
Haitru dhynxiuio. pacipenercnng gag suepray B, ecom 7y = dlg — 1) —~yglg — 1), mme 5 < 0.

OUeHATE MEZOCKOMHYECHIE Cp:l],’]{T}'EILIﬂ{ HOHJAKTAHCA B I'DHRHOM MeTans.
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3amanue 2.

3aauA 1, BRMHCINTL OIHONETIeRYI0 TONPABKY K T, HCOOJE3YE peryaapuzaimio [Hayan-Bunnapca,
3A044A 2. BRIMHCANTL OJHONSTIERYIO TOUPABKY K Opp, HCOOIEIYS DASMEDHYI0 DETYIADHIAINN.

3aaus 3. BumuennTL OTHONSTIeRY o NONPABKY K IUIOTHOCTH COCTOSHEA I/, HCNOIEIY S peryaapizanimn Tlayme-
Buinapea.

3AIAYUA 4. BRIMHCTHTL OHONGTISRYID HNONPABKY K ILIOTHOCTH COCTOSHHEA 14, HCIOALEYH Da3IMEDHYEID DeryisapH-
ALK,

3a4a4A 5. Haltra cobereennnie &y HRIHN (HOPMEDOBAHREE Ha IHHANY ] M COEKTP OIEDATOPA

I .8 ian 8 a’l+y

ﬁ q'ﬁ — s e
Oy=—(1—0 )t 2
e | 73]61,?"'1_,?2592 l—pépg 41—-7n 2

an

me—l<n<l,0<f<2rna=1.

JATAYA 6. DrmmciauTh HATOHATEHETT MATDHUHER 30eMeHT Mes Ty coBCTREHHEIME COCTOSSHISME Oneparopa )
ot (1 —n)/2.

3a/auA 7. Haltrs coferpeniiie diyHKIHE (HODMEDORAHHLIE HA THHUIY) # CHSKTR ONEDaTOpa
i i S o B a?liv a
Oi— e (L=t & N & T 2
an g 1-n?082 1-ndf 41-5 2

rie—1<n<1,0<f<2rua=2

3adava B BRMHCIHTE JRATOHATEAEIT MATPHTHEI S0eMeHT Med(Ty cobBeTROHHLEIME COCTOSHISME oneparopa O
ot (1—m)/2.

3aaua 9. Henomeays oaHoneTIeRyio mepeHopMEpoRky omeparopoR Tr(AQ)? a (TrAQ)? mafta cofcreennie
ONEPATOPEI PEHOPMIPYINE E, . ¢ He GONkINe feM ¢ ARYME MaTpaiaMy Q. [MoAckaska! HCIILI0RATE OTPEICTARICHHE
Fa ] = 21 T( AQP 4 z(TrAQ)? + 23 Tr A2, 1me koadebuiBenThl 21, 22 0 23 HAXOASTES H2 YOIORAS TOPO, YTO0
HpH OJHOTMESTISROR TEPEHOPMEPORKE OHEPATOD HEPeXOIHI CAM B CobH.

Jaaua 10, Menousayd oiEOIeTIeRY0 TepeHOPMEDORKY QIEPATOPOR
Tr(AQ)*, Te(AQ)? Tr AQ, Tr(AQ)(Tr AQ)?, (Tr AQY!, Tr(AQ)?, (Tr AQ)?

HalTH coBCTEOHIEIE ONePATOPE PEHOPMIPYIIL F ¢ me Soume ueM ¢ TeTHpEMS Marpumani (. TIoJexassa; Henomk-
FOBATE MPEICTARICHEE COBCTECHHOTO ONEPATUDE B BHIS JHHEROR KOMOMEAINN ONeDETOPOR, NePeTHC/IeHHED BLIIE,

JAAUA 11, 3anmmcATE BHIDAGKEHNE JIT8 MeI0CKOMecKH: diaykTvalul JoKATLHON NAOTHOCTH COCTOSHHH,
{(E,)?), & aududyzuonnon pesume depes €) — sarpuns. TIPEICTARRTE CODTEETCTRYIOUAN OUEPATOD B HHRADH-
AHTHOM BHe oTHOCHTeRHO U{n) x U{n) spamennft. BramucinTe oqnonernesyo nonpaeky x {[(E, r)]%) .
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aada 12.  BanHcaTh BRPaKeHRE LI CPegHero,
(ImG™E, r, MG (E, ') - G (E,r, #')Im G(E. t',r)] s,
# Dy HOHHOM pestne aepes ) — Marpuibh. CORTaTh BRINOIHERREM yeaosre Ap <2 |r — 7| < 1 rae - jiusa

croboanoro npobera TIpencTaguTh COOTBETCTRYIOIMMA ONEPATOp B HEEADHAHTHOM EHIe OTHOCHTeMRHO [(n) x Uln)
Epamennfi. BEFHCINTE 0IHONETIEEYD HONPARKY.

3aaua 13, 3anmucaTh BREDAMKEHWE 75 CPETHero,
{[3(E, rv(E,r") —v(E, rIv(E, 7)) ais,

B JRddyIHOHHOM peiyve 1epes () — MATPHOL. CuNTATL BRINGIHEHHEIM YeiaoBHe Ap <€ |r—vf| < [, rae [ - 1nuna
crofionuoro npobera TIpeqeTaBuTs cOOTRETCTRY IOUME OHEPATOP B MHBAPHAHTHOM Bujle oTHocHTedRHo [T{n) « U(n)
BpaneHnil. BRMuCIETL OMHOISTASEY 10 NOIPARKY.

3aa4A 14, BRMECIHTE KOPPedSsOUOHHY K VHEINID ABYX (-MaTpHil: {qﬁfh[sl}gﬂm(sﬂ}, Ijie TOKH $; W 53
JIGAAT Ha FPATRIE Y MEDHOD 1832,

3aaua 15, Henoneaya ypaenenne Kannana-Thivammnxa ¢ HenepTypEATHERRIMY S-hy HKIMAME O0JYUHTE 05
AR BHA CKeUTHHIOROR FABNCHMOCTH DPOIOILHOR B XOI0BCKOR TPOROINMOCTEM.
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