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B npownoii nekuwnn...

Teopema

Myctb unterpan G(t) — HenpepsiBHas yHKLUS C KOHEYHBIMU
momentamn G, = Jo~ tPG(t)dt Bnnots go (m + 1)-ro
BKIOYNTENBHO A HekoToporo m € N. Torga cywectsytor
Aﬂgm) ERn Fg\m) > 0 (no kpaiiHeii mepe npu JOCTaTOYHO MasibiX
\) u Takoe pewenue pU" (t; \) ypasHenus

d

PN = LV (0 (1),

m . m m 1 1
E& Rp)::—zV&Q&)o+a_,p}+Fg )(a_pa+—-2a+a_p——2pa+a_),

410 p(t; ) = p™ (5 X) + ON2"2) npu X = 0wt > 0 (t = fix).

OcHoBbI TeOpUM OTKPbITbIX KBaHTOBbIX cuctem |l. Slekuma 100  TepeTéHkoe AnekcaHap



B npownoii nekuwnn...

TouHas HavaNbHas pefyLMpOBAHHAA MaTpULA NAOTHOCTUA U
HauansHoe ycnosue ans pewennsi pl"™ (t; \) 3 Teopemsi:

0211 010
0;A) =
ol ) (.Qm Qoo>
(m) A2 7n(m)()\)
(m) 0; A :<|7” ( 011 010 )
PO = G () 01 a0 + (1~ [F ()P on
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KoppensiunoHHble yHKLUY

Ecan onpegnennts oTobpaxeHue q)if COOTHOLLEHWEM

p(ty) = 2p(t),  ta>t1 >0,

TO MapKoBCKne (OCHOBAHHbIE HA PErPECCUOHHOI hopmysne)
KOPPENALNOHHbBIE PyHKL MM

(o (t2)or(t1))m = Tr(o_ @2 (o1 B (10)(0])))
TouHasi koppensiunoHHast pyHKLMS UMEET BUA,
(o (t2)or (1)) = Te UL (0-@1p)Up, U], (04 ®15)Uy, |0)(0]@|vac) (vac],

rae Uy — yHUTapHas AUHAMMKa CUCTEMbl U OKPY>XEHUs B
NpeacTaBiEHN N B3aUMOAENCTBUS.
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KoppensiunoHHble yHKLUY

MapkoBOCTb B TEPMUHAX KOPPENSLMOHHBIX (DYHKLMIA:
(o (t2)o(t1))m = (o (t2)0+(t1))

G. Lindblad, Comm. Math. Phys. 65 (3) 281-294 (1979).

L. Accardi, A. Frigerio, J. T. Lewis, Publ. Res. Inst. Math. Sci.

18 (1) 97-133 (1982).

e L. Li, M. J. W. Hall, and H. M. Wiseman, Phys. Rep. 759,
1-51 (2018).

@ A. S. Holevo, Statistical structure of quantum theory. Vol. 67.

Springer, 2003.
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KoppensiunoHHble yHKLUY

B ycnosusx teopembl 1 BbinosiHeHO
(o—(t2)or(t))n = rT (W) (o (t2)o+ (t1)) + ON"F2), 12 > 1.

B obwem cnyuae, Tonsko npu m = 0 BepHO r©) =1.
o R. Dimcke, J. Math. Phys. 24 (2), 311-315 (1983).
[Noatomy, cTporo rosopsi, AMHAMNKA HE MAPKOBCKas

o N.L. Gullo, I. Sinayskiy, T. Busch, F. Petruccione,
arXiv:1401.1126 (2014).

Ho Bcsi HemMapKoBOCTb fI0KanM3oBaHa 'BHYTpU BpeMeHU
KOppeNsiLnmn, no3TOMy MOXKHO 'NMepeHOpMUpOBaTL” ONpenenieHue.
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A ecnm Kakoro-To MOMEHTA He CyL|eCTBYeT?

PaccmoTtpum cnyyaii
G(t) = ¢* <X€_7|t|+
1 —
+ TX <e_7t|(1 — Imerf (iy/4]t])) + e(1 — exf ( 'Y‘t’))>>’

~ 2
rae X € (0,1). OHa umeet Hynesoii MmomeHT Gy = X%: HO nepBblii

MoMmeHT (G pacxoanTcs:

p11 = |z(t; )\)\2, x(t; ) = xo(t) + )\x%(t) + O()\Z),
roe

zo(t) = e X5, 2i(t) = Ot 2),t — +o0
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Paccmatpusaercs ypasHeHue Buaa

=\
d t Ly py
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Paccmatpusaercs ypasHeHue Buaa

=L
dt tPt

Bazoebiii nprumep:
lamnnbTOHMAH

H = Hy+ \H;
VpagHenue Jluyeunns-con Helimana B npeacraenequn
B3aMMOAENCTBIUS
dt )\ﬁtpt’ £t = _Z[HI(t)a ']7 Hl(t) - eiHotHjeiiHOt
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Beeaém cyneponepaTop, KOTOpPbIA ABASETCS UAEMNOTEHTHOM

Kpowme Toro, BBegém onepatop Q

P+Q=1I
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Beeaém cyneponepaTop, KOTOpPbIA ABASETCS UAEMNOTEHTHOM

Kpowme Toro, BBegém onepatop Q
P+Q=1
Bazosbiii npumep (Argyres, Kelley, 1964)

Pp=Trpp® pp
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

V1eepxgeHue. Vpasvenne Hakagsumbl-Lganunra (Nakajima,
1958; Zwanzig, 1960):

d t
a'Ppt = )\Pﬁt'P,Ot +Itpt0 + ICZdeS
to
KL= NPLGLOLP, I, = APLG;, Q,

- t
gg = Texp <)\/ QETdT) , Gi=1
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Joka3aTtenbcTBo. Pacnuwem ypasrerune Jlnysunnsi-con
Helimana B npoekunsix

%’Ppt = XPﬁ{Pﬂt + )\Pﬁt th
4 Qpy = NQLPpy + ANQL Qpy

WHTerpupys BTOpOe ypaBHeHUE, NMeeM

t
Qpi = Gf, Qpi, + A | GLOLPp.ds,

to

— t
G! = Texp <)\/ QETdT> , Gi=1
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

MoacTaBnsis B nepBoe ypaBHEHNE, NONYHaEM ypaBHEHUE
Hakag3aumbl-Lsanynra

d t
—Ppu=NPLPp; + APLG, Qpiy + A° | PLGLOLPp,ds
to
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Kak npasuno, paccmaTtupsatoT caydaii, korga PLP = 0, Torga

d t
d—Ppt =Tips, + | Kipsds
t to
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —

LiBanumra

Kak npasuno, paccmaTtupsatoT caydaii, korga PLP = 0, Torga

d t
d—Ppt =Tips, + | Kipsds
t to

B wactHoctu gns P = trp(-) @ pB

PLPp = —i(Trp[H(t),ps®pB])@pp = —i[Trp(Hi(t)pB), ps]®ps
Takum obpasom, PLPp =0, ecnn Trp(Hi(t)pp) = 0.
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MeTon npoekuunoHHbIX onepaTtopoB Hakaasumbl —
LiBanumra

Kak npasuno, paccmaTtupsatoT caydaii, korga PLP = 0, Torga
d t
ZPre=Tipiy + | Kipsds
t to
B wactHoctu gns P = trp(-) @ pB
PLPp = —i(Trp[H(t),ps®pB])@pp = —i[Trp(Hi(t)pB), ps]®ps

Takum obpasom, PL;Pp =0, ecin Trp(Hi(t)pg) = 0.

D70 BbLINOJIHEHO B CAy4Yae, KOrAa paccMaTPUBAETCA rayCCOBCKUM
6030HHbIN pe3epByap ¢ HyneebiM cpepHum, a Hy(t) — nuHeeH no
onepaTopam poXAeHus n yHn4toxenus. bonee Toro, B 3TOM
ciydae obHyNeHne MOMEHTOB HEYETHOrO Nopsigka AaéT

PLLy, -+ L1, P =0,

YTO TakKXXe 4acCTO npeanonaraeTcs.
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MeTop npoekuunoHHbIX onepaTopoB Hakaa3umbl —
LiBanumra

Ynen Z;py, xapakTepusyeT HaCKONbKO HaYasibHOE COCTOAHME
cornacoBaHo ¢ npoekuueii. Ecan Ppy, = pi,, 70 Iipr, = 0. B
cnyyae npoektopa P = trp(-) ® pp, Ppt, = P, COOTBETCTBYET
d.)aKTOpVI3OBaHHbIM Ha4daNbHbIM COCTOAHNAM BUAa

pto = ps(to) ® pB.
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