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Bagada 1. @ayKTyarmoHHO-AUCCUNIAMOHHAs TeopeMa (20 6aiioB)

BHe 3aBUCHMOCTH OT POMCXOK/IEHNsI UHJLYIIMPOBAHHOIO OKpYzKaromeil cpesoit myma X (t), Ha ero KoppeJisiiioHHble (byHKINH
MOXKHO BBIBECTH COOTHOIIIEHHS CAMOTO OOINEro BUA, UCIOJIB3YIONINE JIUIIh CJIEAYIONNEe ODIIHe IPEIIOI0KEHNS: TaMITbTOHIAH
H[X] e 3aBUCUT OT BPEMEHU; M MaTPUIlA [JIOTHOCTH OKDPYZKAIONIEH CPeJbl UMEeT BUJ p = %e*BH .

1. Paccmorpure ciemyrompe 1Be KOPPEISIMOHHbIE (DYHKIAN:

Go(t) —to) = <X(t1)f((t2)> . Ge(ty—to) = <X(t2)f((t1)> . (1)

Hcnonbaysa popMaabHOE CXOACTBO MEXKIY MATPHIEH INIOTHOCTH W ONEPATOPOM SBOJIONUHA B MHAMOM BPEMEHH, TIOKAXKATE,
4T0 91U dyHKIMU CBsi3aHbl cooTHoIeHneM G « (1) = G (t—1if). Yro 1o oznavaer mis ux Gypbe-06pazos, G (w) u G (w)?

2. TlokazxKure, KaK CBf3aHa CIeKTpasbHas IIOTHOCTH J(w) = 1(Gs(w) — Ge(w)) u «Kenupimesckas» KoppeJIsilHOHHAsL
dyurius G (w), onpeensiemMast B 00IEM BH/IE CIEAYOMAM 00Pa3OM:

Gr(t —ts) = <X(t1)X(t2) + X(tg)X(t1)> - <{X(t1),f((t2)}> = Go(t —t2) + G (ty — t). (2)
3. IlpomemoHCTpUpYiiTE 3TU COOTHOIIEHNS HA IPUMEPE MCCIIETYEMOrO B CEMUHAPE «IIIyMay X (t) = Zn An (@ + dIL).

Bana4da 2. Pesakcarnus (20 6as110B)

HonyquHoe Ha ceMHHape BpeMdd pelaKCalluu T1 JJI CIIMH-O030HHOM MOJe 1, OIIUCBHIBAEMOI TaMUJIBTOHUAHOM
= wnilin+ 56, + 623 AKn, X = an+a] 3
- wnanan+50z+0m n<in, n*an‘i’ana ( )
n n

MO2KHO IIPOCTO WHTEPIPETUPOBATH HA A3bIKe 30JI0TOr0 npasmia Pepmvu.

1. Cuurasi, 9TO BCe OCHMILIATOPHI HAXOAATCA B KBAHTOBOM COCTOSIHUM C (DUKCUPOBAHHBIMU YUCJIAMU 3AII0JIHEHUS M), BBIUHC-
JIATE YaCTOTY IEPEXOJIOB Wiy f = Wi_s| T W1

2. IlpoBeauTe ycpeqHeHHe MOYyYEHHBIX BeJIMYuH 110 ['nb60coBCKOMY aHcamOJIio JJIs OCIUJIISATOPOB p = %e‘ﬁH .

Bamada 3. Pure dephasing spin-boson model (40 6asi10B)
UcenemyiiTe 9BOJIONUIO MATPUIBI IJIOTHOCTH JBYXYPOBHEBOI CHCTEMbI, B3aUMOJEHCTBYIONLYIO ¢ pe3epByapoM (HaGOpOM OCImII-
JIHTOpOB). CucreMa OIMUCHLIBACTCS ceAyromuM IraMuJIbTOHHAHOM:

. A 1 . e
— A ~t A ~ o t
H= §UZ+Zn:wn(anan+§)+azzn:Aan, X, = b, + bl (4)

1. Tlepeiinure K mpemcrasieHuto B3aummojeiicTBusi. OmeparTop BOJIIONUKA B IIPEJICTABJIEHUN B3aNMOJIEHCTBUS 3aIMChIBAETCS
Ipu OMOoIU 1'-yIopsaI09eHHON IKCITOHEHTHI:

St 1) = Texp (z /t t V(T)d7> (5)

laMubTOHMAH B pa3uIvYHbIE MOMEHTHI BpDEMEHU He KOMMYTHUPYET caM C COD0Oii, mosromy T -yIopsiiodeHrne yOpaTb HeIb3sl.
OpHaKo 3a/1a9y MOXKHO 3HAYUTEILHO YIIPOCTUTh, UCIOJIb3Ys TOT (DAKT, YTO TAMUJILTOHUAH B Pa3/IMIHbIE MOMEHTHI BpDEMEHU
KOMMYTHUPYET Ha YHUCJIO:

[V(t1),V(t2)] = id(ts — t2) (6)



Hcmosb3ys 3ToT GakT, MOKaXKUTE, 9TO 3HAK 7 -yIOPAIOYEHIS MOXKHO CHSATD IIEHOM JOMOJHUTEILHON J00aBKH:
A . t A
S(t,to) = e ®t=t0) exp (—z/ V(T)dT) (7)
to
Haiinure dyukimo O(t,tg). Jist aroro Bam Moxer npurogurbesi hopmyna Betikepa- Kambeara-Xaycdoppa:
A B _ it Bei[Ap i Bl —
e“e” =exp A+B—|—§ A,B| ), [A,B]=const (8)

2. IlycTh B HAUAIBHBIH MOMEHT BpeMeHN ty = 0 MATPHIA IUIOTHOCTU CUCTEMBI UMeJIa BUJL, Prot(to) = ps(to)®pe(to), 1 pesepByap

R _gf®
HAXOAUTC B paBHOBecuu pu temueparype 1: p.(tg) = %e AHo" | Bpramesmre peynupOBAHHYIO MATPHILY IIOTHOCTH B
ITPOU3BOJIBHBIII MOMEHT BPEMEHU:

pa(t) = Tre (8(t,t0)ps (t0)peS (0, 1)) (9)

J1j1st 5TOTO BaM MOXKET HPHIOAUTHCs 6a3HUC KOrePEHTHBIX COCTOSHIUI OCIUIIATOPa (CMOTPH 3aa4i K CEMUHAPY 2 IPOIIJIOro
ceMecTpa).

3. HOCKOJ’Ibe BeJIn4YnHa &z B ;LaHHOfI 3a/1a9€ KOMMYTHUDPYET C FraMUJIbTOHUaHOM, HUKaKOI pesraKkcalu Ha6J'IIOLLaTbCSI He 6y,/:[‘eT.
HOSTOI\/Iy BCd JUHaAMUKa CBeﬂéTCH K cne,uy}omeﬁ BpeMeHHOfI 3aBUCUMOCTU MaTPUIbI IIJIOTHOCTH:

o p11 p12 - exp(—T'(t))
pelt) = (1)21 cexp(~T(#)) p22 ) (10

Haiinure Boiparkenue Jyuist pyrnkyuu dexozeperyuu T (t).

Bama4da 4 (20 6as110B)

Vcnonb3yst GyHKINIO IEKOTEPEeHINY U3 IPeIbIIyIIeil 3a/1axm:

o0
I(t) = é/ duoJ () coth 2 L7 CO8T (11)
T Jo 2T w2
uccsieyiiTe JIeKOrepeHInIo st OMUYEeCKOoil 6aHu, ¢ MoJesbHOM dynkiueil J(w) = mowe /¥, TyT W, BEICTYIAET B POJIH
9KCIIOHEHITNAJIBHON y/IbTPadUOIeTOBON 00PEe3KN, U MOKHO CUATATD W, > 1.
VkasaHue: JUlsl BBIUUCIEHUsT YI00HO OTJIENTh BKJIAJ, YUCTO KBAHTOBBIX durykryaruil (npm T = 0), KOTOPHIl 3aBUCUT OT
00pEe3KN W, ; & 3aTeM HANTH «TeMIIepATyPHBI» BKJIAI, JJis KOTOPOTO 0OPE3KY yKe MOXKHO BBIODOCHTB.



