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Bamada 1. Marparn (30 6asioB)

B sT0it 3a7a1e MBI pacCMOTPUM OIMH U3 CIIOCOOOB, KaK B (DU3NKE BO3ZHUKAET TEOPHUS IOJIsI B KAYECTBE HEIPEPBHIBHOTO IIPEIeJIa
HeKol mHOi Teopuu. Paccmorpure ogHoMepHYIO 11en04YKy u3 N aTOMOB C HEPHOIUYECKUMI IPAHUIHBIMA YCAOBUSIME, B TADMOHU-
YEeCKOM TIPUOJIKEHNN (<CBA3AHHBIX IPYKAHAMI> ), OMHUCHIBAEMYIO CJIEIYIONAM TaMUJIBTOHHAHOM:
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B nostoxxennn PaBHOBeECHUA PACCTOAHUA ME2KAY IaCTUIlaMU PpaBHO a, TaK YTO Ty = Na; BEJIMIUHBI 2K€ U, OIINCBIBAIOT OTKJIO-
HeHue n-Toro aroMa M3 IOJIOZKEeHUA PaBHOBECHI.

1.

Wcmonb3ys puckperHoe npeobpazosanue Oypoe, nepeitinre K HOBbIM epeMeHHBIM — Pyphe-KOMIOHEHTAM Uy U Pk. 3aIld-
IIUTE B TEPMUHAX STUX [I€PEMEHHBIX TAMUJIBTOHUAH, & TAKYKE BBIIUIIATE KOMMYTAIIMOHHBIE COOTHOIIEHUsT MEXK/[y HUMHU.

ITocTpoiiTe ux JuHeitHbIE KOMOMHAINN, KOTOPBIE YIOBJIETBOPSIOT CTAHIAPTHON JIECTHUIHOMN ajirebpe, 1 B TEpMUHAX KOTOPBIX
raMUJIBTOHUAH UMEET JUATOHAJIBHBIA Bui (IIpeicTaB/igeT coOOH CyMMy HE3aBUCUMBIX OCHUJLIATOPOB). Ioaydure 3akon
JUCIIEPCUN KBA3WIACTHUIL B 9TON Teopun — (DOHOHOB.

Temneps Hamra 3amada — MOCTPOUTH HENMPEPBIBHBIN mpemen N — oo, cuntas JAaunay nernodkn L = Na GUKCHPOBAHHOIN.
Ilepemennnie P, U U, TPHU ITOM JOJKHBI TIPEBPATUTHCS B HENPEPBIBHDLIE TOJs. VIMeoTCs JiBa CIocoba MOCTPOUTH ITOT
IIpeJiedt:

(a) Beemure 7t(x = na) = #p, u (ZAS(I = na) = #iy,, Tak 970661 B 1pegese N — 00 BBIIOJIHAIOCH <IIPABUIBHBIES I10JIE-

Bble KOMMYTAIMOHHBIE cooTHOMenus [¢p(x), 71(z")] = id(x — a’). TlogcraBbre 9TH 1OJs B FAMUJIBTOHUAH U YIIPOCTHUTE,
pasnoxus B paz Teitnopa 1o a.

(b) AJBTEPHATUBHO, MOXKHO Pa3JIOKUTL 110 ka < 1 3aKOH JUCIEPCUU, & MOJIA BLIPA3UTD YepPe3 JIECTHUIHBIE OLEePATOPBI
Tak, 9TOObI B TOYKAX T = NG OHU C TOYHOCTBIO JI0 KOHCTAHTBI, ONSITh-TAKM, COBIIAIN C UCXOIHBIMU ITEPEMEHHBIMU; U
YJOBJIETBOPSJIA [IPABUJILHBIM KOMMY TAIIMOHHBIM COOTHOIIEHUSIM (3TO CTAHAAPTHBIH CII0CO6 HOCTPOUTH UHTEPIIOJIAIIIO
dbyHKIMM 110 TOYKaM, ucroiib3ys npeodbpazosanue Pypoe). Crenan 3aTeM MOJCTAHOBKY B TAMUJIGTOHUAH, BbIPAYKEHHBII
4epe3 JIECTHUYHBIE OIlePATOPbl, BBl B KOHEYHOM UTOI'€ TOXKE€ IIOJIy4YHUTe IIPABUJIbLHBIN 110JI€BOM raMUIbTOHUAH.

Ob6paruTe BHUMaHUE, YTO JJIs TOTO, YTOOBI HEIPEPBIBHBII TP Ie/T OBLI XOPOIIIO OMPEIEsIEH, HY>KHO OMPeIeIEHHBIM 00pa30M
MeHdATb ¢ N 3HadeHus m u w. [lokaxkuTe, 9TO XOPOIIO ONPEIETEHHBIMU SIBJISIOTCS TEPMOIUHAMUYIECCKUE BEJIMIUHBI —
AUHETHAA NAOMHOCTD MACCHL P, T CKOPOCMY 36YKa ¢. KaK OHU CBABAHBI ¢ MUKPOCKONUMECKUMU NAPAMEMPAMU M, W, a7

O6cynre, KakK MOJIyUeHHBIE PE3YJIbTATHI CBI3aTh CO CJOBAMHE PO YJIBTPAMHUOIETOBBIE PACXOAUMOCTSIMA B TEOPUSIX IOJIS,
CKa3aHHBIMU Ha JieKiuu. KakoBa sHeprus BAaKyyMa 3TOi Teopun?

Jlureparypa JIIII, 3amgaga 4; 3u, rrasa 1.3.

Bamada 2. Teopus c 3apsiiom (30 6as110B)

IIpomomxkum paccmorpenne KominiekcHoit Teopun Kieitna-I'opsiona B pasmeprocTu 3+1. 'aMu/IbTOHMAH 3TOW TEOPUU UMEET
CJICIY IO BU:
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1. He InoMelasd CUCTEMY B <AINTUK> (TaK q9TO k-HpOCTpaHCTBO He JUCKPETHO, " HeO6XO‘HI/IIVIO HCIIOJIb30BaTh HEIIPEPBIBHOE

upeobpazoBanue Pypne), IPOKBAHTYHTE 3Ty TEOPUIO, IIEPeiijid K OllepaTopaM POXK/IEHUs U YHUITOXKeHud. B cirydae Henpe-
PBIBHOTO k-TIPOCTPAHCTBA, KOMMYTAIIMOHHBIE COOTHOINEHUsI JTOJKHBI MUMETh BUJ [&p,dg] = (2m)36®) (p — q). O6parure
BHIUMAHHE, YTO, B OTJIMYHU OT BEIMIECTBEHHOIO CJIy4asi, YCIOBHS ¢ = ¢! Her; 9T0 yaBamBaeT KOJIMYECTBO CTEHeHel CBOOOIE!
TEOpHH, U BaM HeoOXOmUMO GyIeT BBECTH ABa HabOpa OMepaTopoB dp I l;,,, B TEPMHUHAX KOTOPBIX FAMUJIBTOHAAH JOJIKEH
AMETH MO-TIPEKHEMY JMATOHAJTBHBINA BUI.



2. Ucnonb3ys reopemy Hérep, BolmimTe BHIpasKeHNE [JIsi COXPAHSIONIErOCs UMITYJIbca 110Jist P (He myTaTh ¢ KAHOHUYECKUM
uMIyabcoM 7!). Bepasute ero depes jecTHEIHBIE omepaTopsl. Kakoit HMIyIbe HECYT TaCTHIBL dp 1 by?

3. Iocrynure aHAIOrUYIHO C 3apsAJOM, KOTODPBI cOOTBeTCcTBYeT cuMMerpuu 1o orHorrernio K U(1) dha30BbIM BparieHusM.

Kakue 3apdabl y JaCTUIL dp u bp? HpOI/IHTepHpeTI/IpyﬁTe IIOJIY9E€HHbIC PE3YJ/IbTAaThbl B TEPMHUHAX IaCTUIl 1 aHTUYIaCTHUIIL.

JInteparypa IIIII, rnasa 2 u 3aja4da 2.2.

Yupakaenus (10 6a110B)

JlanHbBle yIpaKHEHUsT OTHOCATCS K KOMILIEKCHO# Teopun Kieitna-T'opmona u3 mpenpiyimeit 3a1aqu; TyT Mbl HA BpeMs <3a0bIBa-
eM> O HaJIM4uU B 33/la4e aHTUYIACTHIIL.

1. Onpe/iestuM 0JJHOYACTHIHOE COCTOSHIE C HMILYJIBCOM P KaK |p) = 4/ QEPd;f) |0). Beraucmre marpuansiii snement (0] ¢(z) [p).

2. KaxkoBa HOpMHUPOBKa TakWx cocTostHUit: (p|p’) (oOpaTwTe BHUMaHWe, UTO OHA ABJsAETCS JIODEHI-MHBAPWAHTHON, C TeM W
cBs3aH BbIGOp MHOXKHUTENs /2Ep,)? Kak samucars 4epes 9TH COCTOSIHUS IIPOEKTOP Ha OJHOYACTUYHOE HOIIPOCTPAHCTBO

Ho,zmoq. ?

3. Ucnoub3ysi TOJIBKO KOMMYTAIMOHHBIE COOTHOIIEHUS, HOKAXKUTE SIBHO, YTO MHOIOYACTHIHOE COCTOSIHUE |D1,Pgs- .., D)
(ompeiesiéHHOE COMIACHO 11.2) sIBJIeTCs COOCTBEHHBIM Jijisi ramusibronnana H. Kakoe cobcrBeHHOE YHCIO COOTBETCTBYET
9TOMY COCTOSIHUIO?

Bagaua 3. 9ddekr Kazumupa (30 6an1oB)

He cmotpsa ma To, wto B Teopun Kieiina-T'opiona sueprust BakyyMa yabTpaUOIeTOBO PACXOINTCs, TeM He MeHee C Hell CBsS3aH
HAOIIONAeMBIl (M BBIYMCI/ISIEMBIII B pAMKaX TeOpHHU) pe3yiabrar — a uMeHHO, sddexr Kasumupa. Cam addexT nposisisiercs: B
B3aMMHOM IMPUTSI2KEHUH JBYX ILJIACTHH, IIOMEIIEHHBIX B BAKYYM HA KOHEYHOM PACCTOSHUU [ JPYT OT APYTa.

1. Paccmorpure 6eamaccoByio m = 0 Teopuio Kueitna-T'opyiona B mpocrpancTtse padmepHocT d + 1; IPH 9TOM IPEJIIIONIO-
JKATE, UYTO CUCTEMa HAXOMUTCH MEXKJIy Mapoil MapaJule/IbHbIX IUIACTUH, HAXOMAIIUXCS HA PACCTOSIHUU [ IPYT OT ApYra, U
Ha KOTOPBIX T0JIe 3aHyjsgeTcs. VIconb3ys nepuognieckue rpaHnIHbIe YCJIOBUS BIOJb OCTAJIBHBIX HAIIPABJIECHUN, IOy IUTE
BbIpasKeHMe J[JIsl SHEPIUK HyJIeBbIX Kojiebanuii Takoii cucrembl F(1). O6parure BHEMaHUe, YTO 9TO BbIparkKeHHe yabrpadu-
0JIETOBO PACXOJUTCS.

2. Temepb paccmoTpuTe 60JbIIYIO cucTeMmy pasdmepa Ly X Lg X ... X Ly, B KOTOPYIO BHEC/IN TIAPY HETPOHUIIAEMBIX ILJTOCKOCTEHH,
MEPIIEHINKYISIPHBIX IPOCTPAHCTBEHHON ocH d, W PACCTOsIHME MeXK]Iy KOTOpbiMu paBHO | < Lg4. Ilose remeps, BooGIIE
rOBOPsi, MOXKET HAXOJUThLCsI KAK MEKJLy IIJIOCKOCTSIMU, TAK ¥ CHAPY2KH, II09TOMY SHEpI'Hsl TaKoi cucrembl Oyuer pasua E(1)+
E(Lg—1). TTocko/ibKy 9HEPrHUs CUCTEMBI sIBHO 3aBUCHT OT [, TO MEXKJLY ILJIOCKOCTSIMU BYIeT UMETh MECTO B3auMOJeiicTBre ¢
KOHEYHOH cuioii F' = %(E(l) + E(Lg—1)). IockoabKy cuiia OKazKeTcsl IPOIOPIMOHAIBHON IIOIIEPEYHON MIIOMIA/N CeYEHMs
A =1L X...x Lg_1, TO OCMBIC/IEHHO} BEJIUYMHON sIBJISETCs JaBjieHne P = %, KOTOPOE IIACTUHBI OKA3bIBAIOT JIPYT HA
Jpyra. DTO JIaBJIeHNe yXKe He PACXOIUTCsT YIbTPAhHUOIETOBO M €r0 OKA3bIBAETCsI BOSMOXKHBIM BBIYHCIUTEH B PAMKAX TEOPHH.
[TomyunTre BBIpayKEHUE JJIsT TABJICHHUS.

3. Paccmorpure cotyuait d = 1, HCIOsIb3ysl SKCIOHEHINAJBHYIO PETYJISIPU3AIMI0 — & UMEHHO, BBOJSL BO BCe yIbTPadHOoIeTOBO
pacxossInyecs: BeJIMIUHbl MHOKUTENb exp(—|p|/A). Beraucinre sasuo Benumunny E(l), a takke gasienue P. IToxaxwure,
9TO MOC/IEHEe OCTASTCs KOHEIHBIM B TIpejeste A — 0o.

4*. (10 6ansoB) Ucnoub3ys pasmepnyio peeyaspusayuro, Bbrauciaure sesuundy FE(l) u F' B npocrpasHcrse IPOM3BOJILHOM
pa3mepnoctu d. B wactHOCTH, BBIvncauTe e€ ipu d = 1,2, 3.

5**  (nns moGuredeii, 50 6anios) Vccnenyiite apdexr Kasumupa miust maccusHoro nosst m # 0, caurast mpu stom ml > 1.

B Tpéxmepbe BbI JIOJ2KHBI IOJYYUTh OTBET B JBa Pa3a MEHBIIUil, YeM W3JIOKeHHBI B Bukunemguu. DTO CBI3aHO C TeM, YTO B
HameMm Mupe 3¢ dexkr Kasumupa BbI3BaH SHEprueil BaKyyMa 3JeKTPOMArHUTHOI'O I10JIsl, KOTOPOe BOBCE HE OIUCHIBAETCsI TEOpUeit
Kieitna-Topnona. B wacraocTH, ¥ (DOTOHOB MMEIOTCH JBE JOIMYCTUMBIX TOAAPU3AUUY — TO €CTh B J[Ba pa3a OOJIbIIE CTereHeit
CBOOOIEL.

JIuteparypa 3u, rmasa 1.8, <9ddexr Kazumupas.



