OcHoBbI TeopUK OTKPbLITLIX KBaHTOBbIX cuctem |l.

Jlekuyuns 4.

Tepeténkos AnekcaHap EBreHbeBuy

9 mapta 2021 .

OcHoBbl Teopumn oTKpbITbIX KBaHToBbIX cuctem Il. Jlekuns 4 TepeTé€nkoB AnekcaHap



B npowneblii pas...

il - N

Y1 — Y2 = "o, — =
71— 72

(a)s = e{%ﬂ'wo)tm)o
<a2>t = 6_2(%0+iw0>t<a2>0
<aTa>t = e_%t(aTa)o + (1 —e )N

To ecTb nNpu 1 > Y2 OCUUNASATOP NPUXOAUT B PaBHOBECKE CO
vo(L — pBwo

cpegoii. (1 = e”") )

Mpu 1 < 72 NpoucxoAnT 3KCMOHEHLMANbHBIA POCT 3TO

COOTBETCTBYET OTpULLaTENBHO TeMnepaType, TO eCTb

NHBEPTUPOBAHHO 3aCENEHHOMY Pe3epByapy, NO3TOMY FOBOPST O

HEKOrepeHTHOI Haka4ke.
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B npowneblii pas...

B cnyyae v1 = 9 = vy, nony4nm

(a)e = e*a)o
<a2>t _ 672iw0t<a2>0

(aTa)y = (ala)o 4+t

(HeT 3aTyxaHnsi nepBbIX MOMEHTOB 1 JINHERHO PaCTyT
NHTEHCUBHOCTMN. )
Hanomhum, 4to B obuiem cnyyae I' = I'T' cooteeTcTRYeT

£(p) = ~ilH, p] — 5 SUCD, 160, ],

(2

KOTOPOE BO3HUKAET MPU YCPEAHEHNMN MO KJIACCUYECKOMY
BuHeposckomy npoueccy.
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PepMrOHHbIT cyyal

PaccMoTpuM runsbepToBO MPOCTPaHCTBO ®§~‘:1(C2 = C?". B takom
rMALbEepPTOBOM MPOCTPAHCTBE MOXHO BBECTM 7. Map OMNepaTopos
POXAEHNS 1 YHUYTOXKEHUA NO bopMynam

Ci_(®j lo3)®@o0” @ (®)_ L), i=1,...,n,
ol = (@Zl0s) @0t @ (@i la),  i=1,....n,

roe 03,0 ,0" — matpuupl MNaynu, a o — eaguHnyHas MaTpuua:

/10 (00 _(01y (10
3=\o -1/ 72 “\10)> 9 T\o o) 27 \o 1)
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PepMrOHHbIT cyyal

PepMNOHHbIE ONEPaTOPbl POXKAEHNS U YHUUTOXEHMS
YOOBNETBOPAOT KAHOHNYECKUM aHTUKOMYTALNOHHBIM
cootHowweHusim (KAC)

T _ _
{eireit =0, A{ei ¢} =0.
Beegém 2n-sektopa ¢ = (c1, ..., Cp, c{, . ,CL)T onepaTopoB
POXKAEHUA-YHNUTOXEHUS. Toraa obosHaynm

fle="f =3 (fiei+ fiznac),  VfeC™,

=1

n n
T = E § R RPN P . AT S T T
¢ Ke= (Kz,]CzC]+Kz+n,]Cicj+Kz,]+nczcj+Kz+n,j+ncicj)a
i=1 j—1
VK € (CQnX2n



PepMrOHHbIT cyyal

KAC npumyT Bug

{fTe,g"c} = f"Eg,  Vf,geC™,
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PepMrOHHbIT cyyal

KAC npumyT Bug

{fTe,g"c} = f"Eg,  Vf,geC™,

[ns Bbl4MCNEHNIA Ham TakxXe NOHafobuTcs ~-conpsikeHue. Tenepb

AeiiCTBME 3PMUTOBOrO COMPSIKEHNSI MOXKET BbIThb MpeCcTaB/eHo
dbopmynamu (g7e)t = gTcu (TKe)f = ~"K¢, rpe K = —K7T.
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PepMrOHHbIT cyyal

KAC npumyT Bug

{fTe,g"c} = f"Eg,  Vf,geC™,

[ns BbluncneHnii Ham TakXke NoHagobuTcs ~-conpsixxeHue. Tenepb
LeliCTBME 3PMNTOBOMO COMPSKEHUST MOXKET ObITb NPeACTaBAeHO
dopmynamn (¢7¢)T = gTcn (TKe)t = =T K¢, rpe K = —K 7.
Mo ananorum c 6030HHBIM Cnyvaem bygem nucaThb tr gns cnega
MaTpuL, B MPOCTPAHCTBE ®?:1(C2 n Tr pna cnepa maTpuy B
npocTpaHcTee C27,

OcHoBbI Teopumn oTKpbITbIX KBaHToBbIX cuctem Il. Jlekuns 4 TepeTé€nkoB AnekcaHap



BoicseTneHns ¢ dpopmamm no dpepMmOHHBIM OnepaTopam

Nemma. Mycte A € C27%2n
r 1

A-—A
' Ac = cTTc + B Tr AE,
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BoicseTneHns ¢ dpopmamm no dpepMmOHHBIM OnepaTopam

Nemma. Mycte A € C27%2n

T

—A 1
T Ac=cT ¢+ §TYAE,

Nemma. Mycte A = —A"T, B = —BT € C?>"*?" ¢,f € C*", Torpa

1

1 1
2cTAc + fTe, gcTBc +g7¢| = ECT(AEB — BEA)c+

+c" (AEg — BEf) + <" (fg" — gf")e.
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BoicseTneHns ¢ dpopmamm no dpepMmOHHBIM OnepaTopam

Nemma. (Keagpatuutbie u nuHeiiHbie (hopmbl MEXAY
5KCMOHEHTaMU OT KBaApaTuyHbIX cdopm) MycTsb
A=-AT B=-BT ¢ C**?" y f € C*", Torpa

ea¢ Ac (;CTBC + ch> e 2¢ A = %cTeAEBe’EAc +gle PAc,
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BoicseTneHns ¢ dpopmamm no dpepMmOHHBIM OnepaTopam

Nemma. (Keagpatuutbie u nuHeiiHbie (hopmbl MEXAY
5KCMOHEHTaMU OT KBaApaTuyHbIX cdopm) MycTsb
A=-AT B=-BT ¢ C**?" y f € C*", Torpa

ea¢ Ac (;CTBC + ch> e 2¢ A = %cTeAEBe’EAc +gle PAc,

Nemma. (MpoussogHas skcnoneHTsl) MycTob
K; = KI' € C*2"[0, +0), Torga

<C‘Zte§cugc> o~ 5T Kee _ %CT (jteKtE> K E g,

npuYyémM maTpuua (%eKtE) e KPR AQHTUCMMMETPUYHA.

OcHoBbl Teopumn oTKpbITbIX KBaHToBbIX cuctem Il. Jlekuns 4 TepeTé€nkoB AnekcaHap



KBagpaTu4HbIlii (hepMUOHHbBIV CyneponepaTop

Onpegenenue. KeagpaTuuHelii hepMuoHHbIii cyneponepaTtop:
L(p) ="Tpc+ I Trep+ pc Tre + pghe + gicp + Ap,

rpe I,T; = —TT . Tp=-T% e C?% g;,gr € C™", N € C.
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KBagpaTu4HbIlii (hepMUOHHbBIV CyneponepaTop

Jlemma.

LY (p) =TT pe — ITrep — pe Tpe + pgke+ ghep + Mp,
LX) =cTTXe—ITpeX — XTTre+ Xghe + gFe X +2X.
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KBagpaTu4HbIlii (hepMUOHHbBIV CyneponepaTop

Nemma. MNycts LT = L, L*(I) =0, Torga

1 1 1
L(p) = —i [QCTHC + 1T, p} +cple — 5cTFTcp — 5P Ir'e,

roe _ B B
H=-H'=—-H, 17'=1, f=171.
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KBagpaTu4HbIlii (hepMUOHHbBIV CyneponepaTop

VreepxaeHue. Mpn H = %CTHC—I— W'¢ (H=—-H" H=—Hn
h = ﬁ) n CW = fyiTc revepatop 'KCJ1 npuHnmaer Bug

1 1 1
L(p) =—1 [2CTHC + ch,p} + T ple — icTFTcp — 5P I,

roe

2

(2

P=Yf  1=Nem  fehiill

Bonee Toro, BoamoxHocTs Hanucatb ' n f B Takom Buge
SKBNBAJIEHTHA YCAOBUSIM

r"=r, TE>0, f=7f.

OcHoBbl Teopumn oTKpbITbIX KBaHToBbIX cuctem Il. Jlekuns 4 TepeTé€nkoB AnekcaHap



ﬂ'I/IHaMI/IKa MOMEHTOB

Mol Bygem paccMaTpuBaTh reHepaTopbl 6e3 JIMHERHbLIX YNEHOB:

1 1 1
Lur(p)=—i [QcTHc, p} +cLple — icTFTcp — 5P T
Torpa

5 1 A A 1 R A
Lyp(X) =i [QCTH('—’X] + I XT e — §CTFTCX — §X Il
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ﬂ'I/IHaMI/IKa MOMEHTOB

Nemma. [elicTBre conpsixk€HHOro reHepaTopa Ha nonapHble
NPOM3BELEHUS ONEPAaTOPOB POXKAEHNS-YHUUYTOXEHUS ONpeaensieTcs
dopmynamm

I'"+1m r’+r
Lyp(cd)=E (—iH— 2+> ccl e <iH— ;) E+

+ETTE.
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ﬂ'I/IHaMI/IKa MOMEHTOB

Onpepenenue. Onpegenum maTpuuy BTOPbIX MOMEHTOB D
cocTosiHus p no dopmyse

D = tr(c ¢L'p).
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ﬂ'I/IHaMI/IKa MOMEHTOB

Onpepenenue. Onpegenum maTpuuy BTOPbIX MOMEHTOB D
cocTosiHus p no dopmyse

D = tr(c ¢L'p).
V1BepxnaeHue. yctb

d
= Lur(pt),

TOrga COOTBETCTBYHOLWAA MaTpuua BTOPbIX MOMEHTOB
YAOBNETBOPAKOT YPABHEHNAM

d 7 +r r’4+r
%Dt =F (—th - t;_t> Di+Dy (th — t;_t> E—i—ETtTE.

OcHoBbl Teopumn oTKpbITbIX kKBaHToBbIX cuctem Il. Jlekuns 4 TepeTé€nkoB AnekcaHap



ﬂ'I/IHaMI/IKa MOMEHTOB

VT1BepxaeHue.

DT = D, DE > 0.
D+DT=E.

Onpepenenne. Matpuua aHTuKoBapuaLmii

_D-DT
2

A
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ﬂ'I/IHaMI/IKa MOMEHTOB

V1BepxaeHue. MaTpuua aHTuKoBapuaLmuii yooBneTBopsieT

ypaBHEHUNIO
d rr4+r rr4r
LA =F <—2‘Ht _ t;rt) A, + A, (th _ t;“*) jont
T _
—G—EuE.

2

Ecnn B HavanbHbIi MOMEHT Bpemernn Dg + DI = E, 1o
D, + DtT = I/ B Npon3BOJibHbI/i MOMEHT BpPEMEHMU.
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[‘ayccoBcKmMe coCTosHNS

Onpepenenne. CocTosiHne p Ha3bIBAaeTCs YETHBLIM FAayCCOBCKUM
COCTOSIHUEM, €C/IN €ro XapaKTEPUCTMHECKasH (DYHKLNS

Yw (0) = tr(p e E°) npeacraBuma B Buge KCNOHeHTHI OT
KBaApaTU4HOI copmbl no 6.
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[‘ayccoBcKmMe coCTosHNS

VT1BepxaeHue.

xw(0) = tr(p eeTE‘) = 20748
xn(0) = tr(p eeT%‘eeT%‘
i0T¥cei9T¥c)

xa(@) =tr(pe
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[‘ayccoBcKmMe coCTosHNS

VT1BepxneHue.
PN(O) e%GT R 6+r
1
R=4(2J-EA'E)"!, A= —§E(2Pf1 —-J)'E,
, 1
e’ = :
vdet R
VTBepxaeHue.
p= eécTKc—i-s
1 E  KE
D=F——+ A=——th—
1+ eKE’ 2 t 27
1

e =

Vdet(eKE 1)
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ﬂ'I/IHaMI/IKa MaTpuubl NJIOTHOCTN

V1eepxxaeHue. HopmansHbiii cumson p.(0) yaosneTsopsieT

ypaBHeHmo

d 1/0\" o o 0

@Pt(e)zg 90 Qtafept(e)—e P, %Pt(e)ﬂL

1
+07 (T, —T{)0p:(6) — 51T I7J pi(6),

roe

rr_r E r,+ 17 r,+T7\ E
Q=71 tJ—2<—th+ ”; t)J—J(thJr ”; t>2,

I+ 17
PtT:(Ft—FtT)J—<z'H+ “; t)E.
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[Mpumep: Knaccuyeckuii pesepyap

NHTepecHo, 4TO B hepMUOHHOM Cilydae KIaCCUYECKUii pesepsyap
I' = I'" npusoanT k bonee NPOCTLIM ypaBHEHNAM, H4eM B GO30HHOM
cnyyae. A UMEHHO, MPUHUMAET BUA,

A, = ¢~ BUHAT) 4 ((H-T)Et
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