3agaua 1 (KBaHTOBoe HBMepeHne) st peanu3amnuu KBAHTOBOTO HU3Me-
PEHWUST 3apsI0BOTO KBAHTOBOIO OHUTA PAIOM C HUM PaCIOJIOKEH KBAHTOBBIA TO-
YEeIHbII KOHTAKT.

(&)

3-3a B3amMOelcTBUS KyOUTa U KOHTAKTA (CM. OMUCAHWE B MaTEpPHAIAX
JIEKITMN) TOK B KOHTAKTE 3aBUCHUT OT 3apsi/ia HA TPAHyJe KyOuTa, 4T0 IO3BOJIAET
10 BEJIMYHHE TOKa CYJUTh O KBAHTOBOM 3apsI0BOM cocTosuuu. IIpu 3ToM TOK
TedYeT IMyTeM TYHHEIUPOBAHUS IJTEKTPOHOB Yepe3 KOHTAKT, K KOTOPOMY PHJIO-
KeHo Hampszkenne. JIpoboBoit mryM ToKa JefcTByeT Ha KyOUT B XO/€ N3MEPEHUsT
u paspyuiaer ero (a3oByIo KOrepeHTHOCTb (Ha KakoM-T0 Macuirabe Bpemenu 15).
ITokazkure, 9TO M3MEpEHNE HEBO3MOKHO 0€3 pa3pyIeHus KBAHTOBOIO COCTOSI-
HUsI — 9TO BpeMs, TpebyeMoe JJisi CAUTHIBAHUS COCTOSHUSI KyOUTa, He MEHbIIIE,
9eM BpeMs Pa3pyIlleHrsi KBAHTOBON KOM€PEHTHOCTH.

a) Byzem onuchiBaTh cOCTOHUE KOHTAKTA YMCJIOM MPOIIEANIUX Yepe3 Hero
JIEKTPOHOB (OIlyCKasl [OKA NOAPOOHOCTH O COCTOAHUSX JIEKTPOHOB B 3JIEKTPO-
nax). Torna B.d. KyGuTa+KOHTaKTa MOXKET OBITH 3ammcana B Bue |0) o+ |1) 1,
rae Yo/1 = o, wg/l |n). Kak BBINISAAT 1)y ¥ ¢); B MOMEHT Hadyaja W3MepeHHst
t = 0, KOra MOJAeTCs HANpsiXKeHNe, U NpOTyHHEenPOoBaso 0 amekTponoB? Bhi-
PasuTh pacnpejesienne mporeamero sapsana P(n) gepes ¢/ (n).

6) Ecau ans cocrosinuii 0 u 1 KyGura TyHHEIMPOBAHKUE [IPOMCXOAUT C BEPOSIT-
Hoctbio I'g/q B €/uuuMIly BPEMEHU, KaK BbILIAJAT COOTBETCTBYIOIIME PACIIPE/Ie-
nerns Py i (n) ana magambubix cocroannsa 0 u 17 A 11 HagaIbHOTO COCTOAHMS
al0) +0|1)?

B) Onenure Bpems, yepe3 koropoe Py(n) u Pj(n) nepecranyT 3amMeTHO Iie-
PEKPBIBATHCS, U U3MEPEHUE MPOIIEIIEro 3apsaaa n JacT HH(POPMAIHIO O COCTO-
AHUH KyOura.

r) Ucnons3yst mepexpoitue o(n) u 11(n) HaliauTe HEIUATOHAJBHBIN diIe-
MEHT MAaTPUIbI IJIOTHOCTH KyOuTa po1. [lokaxkuTe, 4To OH 3aryxaer (paspyiie-
HUEe KOrePEHTHOCTH). ApryMeHTUpyiiTe, MoYeMy 9TO BpeMs 3aTyXaHus He J0Jb-
16 BpEMEHU U3MEPEHHUsl, HAlJIEHHOIO B B).

ITonpobyiiTe chopmMyupoBaTDh W [T0KA3ATH YTBEPXKJIEHHUE, 9TO «TOTHOCTDH»
W3MEpEeHns 3a BpeMsi ¢ OrpaHWYEHA BEJUYMHON DPACIAJAONIErOCS MATPUIHOTO
SJIEMEHTa Po1 -

Bagaua 2 (memouka Kwuraesa). Paccmorpum depmnonbl Ha permerke ¢
TAMUITBTOHUAHOM:

H = —MZCLCQJ - Z [tclcz_H + AcgCpp1 + a.c.] ,

x

rje (4 U ¢ BeIeCTBeHHbI, 8 A KOMILIEKCHO, Z Mpoberaer mesble 3HaYeHHs.

a) JInaroHaan3oBaTh raMUJILTOHWHA W HaiiTH criekTp Bo30yRaeuwit E(k) B (ox-
HOMepHOM) obbeme. IIpu Kaknx 3Havenusx mapamerpos E(k) sanynsercs?

Yxasanue. Onpenemam ¥, = (c,, cl). Bamucars raMuIbTOHRAH B BUIE me \Iflﬁx_wflllz/,



rne H - marpuna 2 x 2. Ucnoas3ys npeobpasosanune @ypwe, naiitu H(k) u
cuektp E(k).

6) Ilpu Kakux 3HAYEHUAX TTAPAMETPOB CYIIECTBYIOT HYJIEBbIE KPAeBble MOJbI -
orepaTopsl Buga » . f(x)c,, KomMmyrupyonme ¢ ramunbronunanom? (f(x), mo-
KaJIM30BaHHYIO BOMM3U Kpasd, yA00HO UCKATHb B BHJIE CYNEPHO3HIIMH CIIaIA0IIX
sKcuonenr.) B wacrnocru, cymecrsytor s onu upu t = A =07 A upu p = 07
(A Kitaev, arXiv:cond-mat/0010440)

Bajaua 3 (kJjaccudukamus TOMOJIOrHIECKUX N30JsATOPOB). Paccmor-
DUM CHCTEMbl HA OJHOMEDHOH peIleTke ¢ 30HHbIM ramusibroHuanom H(k) =
fB(k)(A? pasmepoMm 2 X 2, ompeeNeHHBIM B 30He Bpmmmiosaa —m < k < 7w m
HE MMEIOIIUM HYJIEBbIX COOCTBEHHBIX 3HAUYEHWI (raMUJIBTOHMAH C ILIEJbI0; & —
marputipt [Taynu). Ecau neupepbiBuo mensitb 3aBucumocrs B(k), oxun Takoit
raMHUJIBTOHNAH TIpeobpa3syercst B npyroit. Beerna i moxkno oqun Hi (k) mpeo6-
pazoBark B apyroii, Ha(k)? CKONBKO CYIIECTBYET PA3JIMYHBIX THUITOB FAMHIJIBTO-
uuanos? OTBeT 3aBUCUT OT CUMMETPUH PACCMATPUBAEMbIX MaMUIBTOHUAHOB.
a) Pemurh 3a7a4y, Korja HUKaAKUX JOIMOJHUTEIbHBIX OrpaHudyenuii (Kpome sp-
murosoctu, H (k) = H(k)) na dbopmy oneparopos net. Ilokazars, uro sce H (k)
SKBUBAJICHTHBI.

6) PaccMoTpets ciyuait acTuano-apipounoit cummerpun: H(—k) = —o, HT (k)o,.
Iokazarb, gro mpu sroM H (k) nmeer Buj

H(k):(Ai Ag) (1)

rue (k) - yernas pemecrsentas QyHKuus, a ‘cBepxupososiuas weiab’ A(k) -
HeYeTHAs KOMIIIEKCHasA. [1oKa3aTh, 9TO CyIIECTBYIOT B KJIACCA TAMWJIHTOHU-
AHOB, HE SKBUBAJCHTHBIX MEXKIY COOOIA.

B) Kak coorHocsiTCs 06J1aCTH TapaMeTpoB, MOJIyYeHHbIe B 3a1adax 26) u 36)7



